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The purpose of these studies were to determine the variationszl) in men during 
arm  cranking (AC) and leg cycling (LG) at 70 and 90% of ventilatory threshold 
(Tvent); 2) in men and women during AC and LC at 70, 85,100, and 115% of 
Tvent.
In the male study (n = 10), there were no significant differences between modes 
at 70%Tvent in relative carbohydrate and fat oxidation. However, at 90%Tvent, 
relative carbohydrate oxidation was significantly higher during AC versus LC 
(p<0.05). The kcahkg limb muscle mass *min^ was significantly higher during 
AC versus LC (p<0.05). In the gender comparative study (n = 12 M, 10 F), when 
carbohydrate and fat oxidation were expressed relative to total fat free mass (kcal 
CHO*kg FFM'^*min ̂  and kcal FAT*kg FFM ^*min ̂ ), carbohydrate oxidation 
during AC and LC was significantly higher in men at each stage (p<0.05), 
whereas fat oxidation during AC was significantly higher in women at each 
stage (p<0,05).
The male study indicates that substrate use during AC is similar to LC at 
70%Tvent. However, as the exercise intensity increases, the smaller arm 
m usculature becomes more dependent on carbohydrate utilization compared to 
the legs. The gender comparative study indicates that w hen substrate utilization 
is expressed relative to fat free mass, women appear to maintain a higher rate of 
fat and lower rate of carbohydrate oxidation compared to men during both AC 
and LC relative to Tvent. In addition, this gender difference in fat oxidation is 
larger during AC compared to LC exercise.
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Chapter One: Introduction
In troduction
Inform ation on  substrate utilization during  arm  cranking (AC) and  leg 
cycling (LC) exercise could  be useful in establishing criteria for rehabilitation, 
specific activities, sports perform ances, and  job selection in occupations 
involving extensive use of the u p p er and low er body (Yasuda et al., 2001). When 
absolute w ork load is similar, AC w ith  sm all m uscle m ass com pared to LC w ith  
large m uscle m ass is accom panied by a larger rise in heart rate, blood pressure, 
pulm onary ventilation, and  arterial lactate concentration (A strand et al., 1968; 
H ooker et al., 1990; Miles et al., 1983; Pim entai et al., 1984; Sawka et al., 1982). An 
evaluation of w hether active muscle m ass affects substrate utilization will aid in 
addressing the m echanism  of substrate selection involved in  exercising skeletal 
muscle. It has been show n that substrate utilization during  AC and LC exercise 
is regulated by relative exercise intensity and not the exercising muscle mass 
(Hooker et al., 1990). In addition, o ther studies have dem onstrated physiological 
responses a t the sam e relative intensities expressed as a percentage of the m ode 
specific VOjpeak du ring  AC and LC exercise (Aminoff et al., 1998; H ooker et al., 
1990; Kang et al., 1999).
W hile individuals w ith  sim ilar values for VO^ peak can differ in  lactate 
threshold (Tlact) a n d /o r  ventilatory threshold  (Tvent)(Allen et al., 1985; Coggan 
et al., 1992; Coyle et al., 1988; Coyle et al., 1983; Ivy et al., 1980; N agel et al., 1970), 
Tlact and  Tvent have not previously been evaluated as a m ethod to norm alize 
the exercise intensity w hen com paring AC and  LC exercise across gender. Thus,
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
Tvent m ay be a m ore appropriate m ethod for com paring substrate utilization 
than  is VOg peak (Gaskill et al,, 2001). In addition, the use of Tvent is less 
invasive than  the use of Tlact (Hill et al., 1987). To date, m ost studies have 
selected exercise intensity expressed as a percentage of VOj peak in spite of the 
com pelling evidence that Tlact or Tvent provides an  excellent set poin t for 
sim ilar substrate utilization.
Previous research has suggested that exercise at the sam e relative intensity 
relative to VO2 peak  m ay represent a sim ilar metabolic challenge for m en and 
w om en in contrast to exercise at the sam e absolute intensity (H orton et al., 1998). 
In addition, w hen m etabolic data is expressed relative to total body mass, fat free 
mass, cind lim b volum e, the influence of overall body size and difference across 
gender during  AC and  LC exercise w as elim inated (W ashburn & Seals, 1984). It 
has also been suggested that the relative gender difference in  VO^ peak is similar 
during  AC and LC exercise (W arren et al., 1990; W ashburn & Seals, 1984).
G ender com parison during  AC and LC exercise relative to the Tvent m ay 
establish a m ore appropriate w ay to com pare heterogeneous groups. How ever, 
gender difference in  substrate oxidation during  AC and LC exercise at the same 
intensity relative to the Tvent have not been thoroughly investigated.
It has been show n that w om en have a  low er respiratory exchange ratio 
(RER) during  endurance exercise com pared to m en (Friedlander et al., 1998; 
H orton et al., 1998; Tam opolsky et al., 1990; Tam opolsky et al., 1995,1997). 
Consequently, these studies concluded tha t w om en oxidize proportionately 
m ore fat and  less carbohydrate du rin g  subm axim al endurance exercise 
com pared to men. These studies have used low er body exercise such as 
treadm ill and  leg cycling, and a com parison of upper and  low er body exercise
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has received little attention. Thus, the investigation and  com parison of AC and 
LC exercise m ay be helpful to m ore fully understand  the variations in substrate 
utilization across gender.
Problem
The purpose of these studies w ere to determ ine the variations in substrate 
utilization 1): in m en during  AC and  LC exercise at 70 and  90% of m ode specific 
ventilatory threshold  (Tvent) and  2) in m en and w om en during  AC and  LC 
exercise at 70, 85,100,115, and  130% of the m ode specific Tvent. This study 
exam ined and  com pared the proportions of fat and carbohydrate to total 
oxidation in recreationally active m ales and  females. In addition, this study 
estim ated the effects of active m uscle mass on substrate utilization.
R esearch H ypotheses
Hypothesis One (The male study)
In m en, w hen the exercise intensity approaches Tvent, the sm aller arm  
m usculature will becom e m ore dependent on carbohydrate utilization com pared 
to the legs.
fustification o f Hypothesis One
Coggan (1991) reports tha t p lasm a glucose utilization du ring  exercise 
appears to be influenced by the m ode of exercise. A hlborg et al. (1986) suggests 
that this m ay result in a greater dependence on plasm a glucose a n d /o r  muscle 
glycogen during  AC exercise com pared to LC exercise at a sim ilar absolute VOg.
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This difference in carbohydrate utilization may not be due to differences in the 
availability of muscle glycogen as total muscle glycogen concentration 
(mM Glucose units*kg ) is sim ilar in the arm  and leg muscles of untrained 
subjects (Gollnick et al., 1972). A greater utilization of carbohydrate by the arms 
com pared to the legs m ay be due to a low er skeletal muscle respiratory capacity. 
Glucose uptake by a given m uscle group is inversely related to the total am ount 
of m uscle tha t is exercising (Coggan, 1991; Richter et al., 1988).
Htfpothesis Two (The gender comparative study)
W hen VOj is expressed relative to fat free mass (ml* kg LMM'^*min ’) and 
limb m uscle m ass (ml*kg LMM ^*min'^), there will be no significant difference 
across gender during  AC and  LC exercise.
Justification o f Hypothesis Two
It has been show n that the peak VOg during  AC and  LC is higher in  m en 
com pared to  m en w hen  expressed in  absolute values (Bhambhani, 1995; 
Bham bhani et al,, 1998; Falkel et al., 1986; W arren et al., 1990; W ashburn & Seals, 
1984). These investigations indicate that gender differences in peak PO and VO^ 
m ay be partly  explained by the differences in  total body mass. Therefore, to 
reduce the discrepancy in size across gender, several investigations have 
expressed values relative to fat free m ass and /  or limb volum e (W arren et al., 
1990; W ashburn & Seals, 1984). In the present study, fat free mass and limb 
m uscle m ass wiU be used to norm alize the differences across gender.
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Hypothesis Three
D uring subm axim al aerobic exercise across gender, w hen  substrate 
utilization w as expressed relative to fat free m ass and lim b muscle mass, m en 
will oxidize a higher rate of the relative contribution of carbohydrate to energy 
expenditure du ring  AC and  LC exercise com pared to w om en.
Justification o f Hypothesis Three
T am opolsky et al. (1990,1995,1997) has com pared substrate utilization 
across gender based on assessm ent of both training history and VO2 max 
expressed relative to lean body m ass (ml*kg'^ LBM*min'^). Consequently, they 
found that m en  oxidized a h igher rate of the relative contribution of 
carbohydrate to energy expenditure du ring  exercise involving larger muscle 
mass com pared to w om en. In the present study, AC as well as LC exercise will 
be used to assess w hether lim b m uscle m ass affect carbohydrate and fat 
oxidation.
Hypothesis Four (The gender comparative study)
W hen substrate utilization w as expressed relative to fat free m ass and 
hm b m uscle m ass, w om en w ill oxidize a higher rate of the relative contribution 
of fat to energy expenditure du ring  AC and LC exercise com pared to men.
Justification o f Hypothesis Four
It has been show n that w om en have a low er RER during  endurance 
exercise com pared to m en (Friedlander et al., 1998; H orton  et al., 1998;
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Tam opolsky et al., 1990; T arnopo lsiy  et al., 1995,1997). Consequently, it has 
been reported  that the females m ay be m ore dependen t on  fat oxidation and that 
this m ay be associated w ith  circulating levels of 17-p estradiol (Ej) and 
progesterone (Ruby et al., 1997; Tam opolsky et al., 1990; Tam opolsky et al., 1995, 
1997). These studies all used  only low er body exercise such as treadm ill or leg 
cycling w hich involve a larger active muscle m ass than AC exercise. In the 
present study, both AC and  LC will be used to assess the effects of active muscle 
m ass on  substrate oxidation across gender and exercise m ode.
S ignificance of th e  S tudy
M ost previous gender and  m enstrual phase com parison studies have 
selected the exercise intensity relative to a percentage of VOg peak (Friedlander et 
al., 1998; H orton  et al., 1998; Tam opolsky et al., 1990; Tam opolsky et al,, 1995, 
1997). O ther researches suggested that the Tlact or Tvent m ay be a better 
indicator of m etabolic fitness than  VOj peak (Gaskill et al., 2000; Hill et al., 1987). 
Different Tlact or Tvent can have significant effects on exercise m etabolism  even 
in subjects w ith  the sam e VOg peak (Coggan et al., 1992). The use of Tvent to 
control for exercise intensity is used to address the research design concerns of 
gender com parison studies du ring  AC and  LC exercise.
R ationale for the S tudy
Inform ation on substrate utilization during  AC and  LC exercise in females 
could be useful in establishing criteria for sports perform ance, rehabilitation and 
job selection in occupations involving extensive use of the u p p er and  low er body. 
A lthough m any studies have used  gender com parison studies in substrate
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selection during  LC exercise such as treadm ill and  leg cycling using exercise 
intensities relative to VOj peak (Friedlander et al., 1998; H orton  et al., 1998; 
T am opolsky et al., 1990; T am o p o lsly  et al., 1995,1997), AC exercise bas received 
little attention. This investigation will determ ine w hether there are significant 
difference across gender in  substrate selection during  AC as well as LC using 
exercise intensity relative to the Tvent as w ell as a percentage of VOg peak. Most 
studies have dealt w ith  body m ass and  fat free m ass as relative units to com pare 
m en and  w om en in  substrate utilization (Friedlander et al., 1998; H orton et al., 
1998; Tam opolsky et al., 1990; Tam opolsky et al., 1995,1997). This study will 
evaluate w hether active lim b muscle mass affects substrate utilization in m en 
and w om en during  AC and  LC exercise.
L im itations
i/Physical capacity o f th e  subjects. The male and  female subjects participating 
in  the p resen t study w ere of varying VO2 at Tvent and VOgpeak during  AC and 
LC exercise. The m ales and females had  a Tvent below  50% VOj peak during  
AC, and  above 50% VOj peak  during  LC exercise.
ii/N on-random ized  sam ples. The sam ple was not random ly selected. Random  
selection w as used to equalize com pared groups on extraneous variables. The 
early follicular phase (w ithin five days after the menses) w as used in the same 
females, elim inating confounding variables such as fitness level. The 
confounding variable of fitness level by basing the exercise intensity on a 
percentage of the Tvent w as elim inated in  the gender com parison betw een m en
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
8
and wom en.
iii/Instrum en ta tion . There is inherent error associated w ith  all instrum entation. 
Using trained testers and  calibrated equipm ent m inim ized instrum ental error.
iv /G ender. Recreationally active males and females w ere used  in  this study. To 
elim inate the possibility of gender differences due to m enstrual horm one levels, 
female subjects in the early follicular phase (w ithin five days after the menses) 
were used. Female participants had  not been taking any form  of oral birth 
control and  reported  norm al m enstrual function for no less than  the three 
m onths p rio r to enrollm ent in the study.
D elim ita tions
i/Type of subject. Recreationally active m en and w om en served as the subjects. 
The m ale and female subjects had  either a Tvent below  50% VO2 peak during 
AC, or above 50% VOj peak during  LC exercise. Conclusions d raw n from  this 
study reflect this population.
ii/Specific in tensity  levels. This investigation in only males stud ied  tw o 
intensity levels (70 an d  90 % Tvent) for 15 m inutes during  AC and LC exercise, 
respectively. The study  across gender dealt w ith  four intensity levels (70,85,100, 
and  115% Tvent) for 5 m inutes at each intensity. These tw o levels and  / or five 
levels w ere chosen because they represent exercise intensities of recreationally 
active people and the general population.
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iii/Specific exercise m ode. A rm  cranking (AC) and leg cycling (LC) exercise 
w ere used as the m odes of exercise in this study. The use of AC and  LC allowed 
the research to control the w orkload.
iv/Age of the subjects. For testing purposes, only 19-42 year old subjects were 
selected for this study. A ging has been show n to influence fitness and  substrate 
use du ring  exercise (Sial et al., 1996). Therefore, the use of 19-42 year-old 
subjects elim inated the potential confounding effects of aging.
v /M enstrual status. This investigation dealt w ith  females w ere in the early 
follicular phase (w ithin five days after the menses). Female participants had not 
been taking any form  of oral b irth  control and  reported norm al m enstrual 
function for no less than  the three m onths p rio r to enrollm ent in the study. In 
addition, females w ith  irregular or am enorrheic cycles w ere excluded.
D efin ition  of Term s
R elative in tensity . Relative intensity refers to the level of stress achieved during 
the exercise period. This intensity is relative to rest, or m axim al exertion or 
ventilatory threshold  (Tvent).
A bso lu te  in tensity . A bsolute intensity refers to the quantifiable level of stress 
achieved du ring  the exercise period. This intensity signifies an absolute 
w orkload (e.g. 100 watts).
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Substrate . A selected fuel utilized to produce ATP.
R espiratory  gas-exchange ratio  (RER). The ratio  of VCO2 (l*min^> expired to 
VO2 (l*min^) consum ed. A t subthreshold intensities, it can be used to determ ine 
the proportion  of fats (g*min )̂ and carbohydrates (g*min‘̂ ) oxidized. Since m ore 
oxygen is required  to m etabolize fat than  carbohydrate, a low er RER indicates 
increased FAT oxidation. A RER of 0.71 indicates 100% FAT oxidation and a 
RER of 1.00 indicates 100% CHO oxidation.
V entilatory  T hresho ld  (Tvent). The breakpoint at w hich pulm onary ventilation 
and carbon dioxide ou tpu t begin to increase exponentially du ring  an  incremental 
exercise test.
T vent D etection M ethods. Three m ethods are used to determ ine Tvent in the 
present study  as follows: (I) Ventilatory equivalent m ethod (VEQ m ethod (II) 
Excess carbon dioxide (ExCOj m ethod) and (III) M odified V-slope m ethod. These 
three m ethods are used  concurrently and  all m ethods are required to show  
concurrent Tvent breakpoints per m ethods by Gaskill et al. (2001).
G ross M echanical Efficiency. Gross m echanical efficiency indicates the 
percentage of the total chemical energy expended that contributes to external 
work, the rem ainder being lost as heat. For the purpose of this study in only 
males, the gross m echanical efficiency (GE) is calculated during  AC and LC 
exercise.
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VOg max. The maximal am ount of oxygen an  individual can consume. For the 
purpose of this study, V O jm ax will be expressed in units of ml«kg ^*min^ or 
l* m in \
V O jpeak . The m axim al am ount of oxygen an  individual can consum e during  a 
specific m ode of exercise. For the purpose of this study, VO2 peak w as expressed 
in units of l*min , ml*kg BM^*min^ and ml*kg FFM^*min \  The criteria for 
VO2 peak  included m eeting 2 of 3 criteria: plateau in  VO2, an  RER & 1,1, and 
volitional exhaustion.
Follicular phase. Early follicular refers to the phase of the m enstrual cycle w hen 
an egg begins m aturing and  circulating estradiol and progesterone are low.
Luteal phase. Luteal refers to the phase of the m enstrual cycle w hen the 
endom etrium  develops and circulating estradiol and progesterone are elevated.
A m enorrheic. The absence of a m enstrual cycle characterized by constantly low 
levels of circulating estradiol and  progesterone.
Eum enorrheic. A  norm ally m enstruating female w ith  10-12 m enstrual cycles in 
the previous 12 m onths.
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Chapter TWO: Review of Literature
Controlling in a gender comparative study
It is very im portan t to establish the basis on w hich the com parison will be 
m ade in  o rder to com pare the metabolic response to exercise across gender 
(Tam opolsky, 2000). It has been show n that females (trained and untrained) 
have m ore body fat than  training m atched males (Phillips et al., 1993; 
Tam opolsky et al., 1990; Tam opolsky et al., 1995,1997). Thus, the gender 
com parison study  based on  absolute VOj peak w ould lead to the selection of 
females w ho were heavier com pared to the males. Even w hen  expressed 
relative to total body mass (ml*kg BM *min^), com parably trained females will 
have a slightly low er VOgpeak com pared to males, or the females m ay be 
excessively lean and could have m enstm al abnorm alities (Tamopolsky, 2000). 
Because of these concem s, Tam opolsky (2000) has been suggested that VO^ peak 
expressed relative to fat free mass should be used in com parative studies.
Sparling (1980) has also suggested that gender m atching based on careful 
assessm ent of habitual activity in the year prior to the testing. Cureton (1981) 
show ed convincing argum ents for com paring the genders based on training 
history for trained individuals and  as VOj peak expressed relative to fat free 
mass in  un trained  individuals.
Tam opolsky (2000) has suggested that the only w ay to com pare across 
gender in hum an  studies is to  m atch the groups based on assessm ent of both 
training history and  VOg peak expressed relative to fat free mass 
(ml*kg FFM'^*min’̂ ). A ccording to him , this com bined m atching approach  takes
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into account both  the genetic (V O jpeak potential) and environm ental (training 
status) factors contributing to VO2 peak  and expresses them  relative to the mass 
of m etabolically active tissues.
The phase of m enstrual cycle is another aspect to consider in gender 
com parative studies (Ruby & Robergs, 1994; Tam opolsky, 2000). According to 
Tam opolsky (2000), the follicular phase (day 1- day 15) is characterized by 
increasing 17-p estradiol (Eg) concentrations w ith  a rap id  increase in 
progesterone starting after ovulation (day 14-16). The luteal phase (day 15-28) is 
characterized by high E2 and  progesterone concentrations. Because of the fact 
that E2 concentration in w om en is still 2-3 times higher com pared to men, 
Tam opolsky (2000) has suggested that gender com parative studies should be 
used during  the m idfollicular phase.
O ne final aspect tha t m ust be considered in a gender com parative study is 
the each ind iv idual's habitual intake and training history (H orton et al.,1998; 
Tam opolsky, 1999).
Gender comparisons in physiological responses during arm and leg exercise
W hile physiological responses during  AC and  LC exercise in m en have 
been extensively studied, gender differences has received little attention. All 
gender com parison studies have exam ined physiological response at VO2 peak  
(Bhambhani, 1995; Bham bhani et al., 1998; Falkel et al., 1986; Freyschuss, 1975; 
V ander et al., 1984; W ashburn & Seals, 1984). There w ere significant gender 
differences in  pow er ou tpu t (PO), VOj peak and  VE values. W ashburn and  Seals 
(1984) have concluded tha t there are no gender difference in the ability of skeletal 
m uscle to utilize O 2 du ring  dynam ic AC and  LC exercise. Furtherm ore, these
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
1 4
findings indicate that differences observed in VOj peak betw een m en and 
w om en are largely a function of the size of the contracting muscle mass. 
A dditionally, Falkel et al. (1986) have indicated tha t w om en are not at a 
d isadvantage for aerobic upper body exercise. W hen m en and w om en have 
equal low er-body exercise VOg peak levels, they achieve equal VO2 peak for 
upper-body exercise. V ander et al. (1984) have suggested that in both m en and 
w om en, m axim al physiological responses are significantly greater in LC than  AC 
exercise although the cardiorespiratory responses to AC and LC exercise in m en 
and w om en have sim ilarities as well as differences.
In females, then  relatively sm aller m uscle mass involved during  upper- 
body exercise probably results in a lim itation of VOg peak oxygen uptake via 
peripheral circulatory factors as opposed to central circulatory factors (Falkel et 
al., 1986). The peripheral factors suggested to be responsible for a low er peak 
oxygen up take during  AC exercise m ay include: (I) the use of relatively weak 
muscle groups in the u p p er body (Glaser et al., 1980; Kamon & Pandolf, 1972),
(H) inadequate blood perfusion due to intram uscular pressure exceeding 
perfusion pressure (Sawka et al., 1983b; Simmons & Shephard, 1971), and  (III) the 
lim ited oxidative capacity of the upper-body m usculature (Sawka et al., 1983a). 
A lthough relatively little research has been conducted on the ability to  perform  
upper-body exercise (Falkel et al., 1986; Sawka, 1986), it has been docum ented 
that w om en have a sm aller upper-body m uscle m ass (Hettinger, 1961; Ikai & 
Fukunaga, 1968), have low er strength  values for upper-body m uscle groups 
(Laubach, 1976), have a low er maximal oxygen during  low er-body exercise 
(A sm ussen & H enningsen, 1958; Bergh et al., 1976) and have a low er m axim al
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cardiac ou tp u t exercise com pared to m en (Astrand et al., 1965; Bevegard et al., 
1966).
Gross Mechanical efficiency (GE)
It has been show n that gross m echanical efficiency (GE) reflects a 
ratio of external w ork  accom plished to the energy expended for external work, 
resting m etabolism , and  unm easured work, such as unloaded exercise, torso 
stabilization, isom etric contraction, or internal organ activity above resting 
m etabolism  (Kang et al., 1997; Sawka, 1986). CE is related to muscle fiber 
com position of the exercising m usculature (Coyle et al., 1992). H orow itz et al. 
(1994) have found that GE w hile LC w as highly related to a percentage of Type I 
m uscle fibers (r = 0.75, p<0.001). O n the other hand, other investigators has 
suggested a greater percentage of fast tw itch fibers (Type II) in the upper 
com pared to  low er body m usculature (Johnson et al., 1973; Susheela & Walton, 
1969).
Substrate utilization during arm and leg exercise in men
A lthough energy m etabolism  during  AC and LC exercise has been well 
investigated in  males, differences in substrate utilization across gender rem ain 
unclear. Ahlborg and  Jensen-U rstad (1991) have concluded that exercising arm  
com pared to  leg m uscles w orking at the sam e intensities relative to a percentage 
of VOj peak  utilize m ore carbohydrate, m ainly muscle glycogen resulting in 
h igher lactate release by the exercising extremity. It has been show n that 
pro longed AC exercise com pared to LC results in  a greater increase in heart rate 
and  a m ore m arked reduction in splanchnic blood flow  as well as higher arterial
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concentrations of lactate (LA), free fatty acids (FFA), and  catecholam ines 
(Ahlborg et al., 1986). In addition, AC results in a greater fractional extraction 
and utilization of glucose (GLU) by exercising muscle as well as greater hepatic 
gluconeogenesis from  LA and  GLY (Ahlborg et al., 1986).
Kozlowski et al., (1983) have detected and  described variations in 
substrate selection and  m etabolism  during  exercise in  m en during  AC and LC 
exercise. They have also found that AC had  a significant increase than  LC and 
treadm ill runn ing  (TR) in serum  grow th horm one (GH), p lasm a noradrenaline 
(NA), and  blood LA, and  LC produced a significant increase than  AC and TR in 
serum  insulin  (IRI).
O n the other hand. H ooker et al. (1990) have investigated the pattern  of 
epinephrnine (EPI) and  substrate responses in  m en during  AC and LC exercise 
perform ed at the sam e absolute and relative exercise intensities. The relative AC 
and LC tests exhibited significantly higher EPI concentrations than the absolute 
LC test. In  addition, there were no significant differences found in FFA, GLY, 
and GLU levels am ong the three exercise tests.
Gender comparisons in substrate utilization during leg exercise in men and 
women
Carbohydrate metabolism
It has been show n that w om en show  a low er respiratory exchange ratio 
(RER) com pared to males during  subm axim al endurance exercise, w hich 
translates into a proportionately low er carbohydrate and higher fat oxidation 
(Friedlander et aL, 1998; H orton et al,, 1998; Tam opolsky et al., 1990; 
Tam opolsky et al, 1995,1997).
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A low er total carbohydrate oxidation during  exercise in w om en com pared 
to m en could be found at several levels. According to Tam opolsky (2000), this 
observation could be due to gender differences at either the liver or skeletal 
m uscle and  / or gender differences in a variety of transporters/enzym es.
It has been show n that there is gender differences in hum an  resting 
skeletal m uscle glycogen content (Nicklas et al., 1989; Tam opolsky et al., 1990; 
Tam opolsky et al., 1995,1997). Nicklas et al, (1989) have suggested that muscle 
glycogen content appears to be slightly higher during  the luteal com pared to 
follicular phase of the m enstrual cycle. However, gender com parisons have not 
been m ade at various phases of the m enstrual cycle. H ansen et al. (1980) have 
reported tha t estradiol does not appear to have a profound effect on GLUT-4 
transporters. Green et al. (1984) have found that total phosphorylase activity as 
well as three glycolytic enzym e activities w ere low er in females as com pared to 
males. This potentially could result in a low er glycogen utilization for females 
during  exercise. O ne final potential m echanism  behind gender differences in 
carbohydrate utilization is that females have a higher resting skeletal muscle 
insulin sensitivity (N uutila et al., 1995).
Several studies have been well docum ented tow ards substrate utilization 
du ring  leg exercise in  m en and  w om en (Blatchford e al., 1985; Bunt et at., 1986; 
Chen et al., 1986; Costill et al., 1976; C ram ps et al., 1989; D espres et al., 1984; 
Frantz et al., 1965; Friedm ann & K inderm ann, 1989; Komi & Karlsson, 1978; 
Pow ers et al., 1980; Tam opolsky et al., 1990; Tam opolsky et a l ,  1995,1997). 
H ow ever, the differences in  substrate utilization betw een m en and  w om en 
rem ain som ew hat inconclusive. Ruby and Robergs (1994) have sum m arized
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gender differences in substrate utilization. Tam opolsky (2000) have sum m arized 
gender specific effects on endurance exercise. They have also suggested that 
there appears to be sufficient evidence to account for differences in substrate 
selection and  utilization betw een genders, and  the horm ones such as 17-p 
estradiol (Ej) and  progesterone regulating the m enstrual cycle appear to 
dram atically influence substrate selection and appear to account for the 
differences in  substrate u tilization across gender.
Fat metabolism
Previous researchers have dem onstrated that females utilize 
proportionately m ore fat and  less carbohydrate during  endurance exercise 
com pared to  equally trained males. There are aspects of the fat m etabolism 
pathw ays tha t m ay suggest the reason for the gender differences.
One of the first aspects to consider is the storage of the fuel. In general, it 
has been know n tha t in fat oxidation, the store of free fatty acids (FFA) ultimately 
comes from  the peripheral adipocytes a n d /o r  the intram uscular triglycerides 
(IMTG). A lthough females have a higher subcutaneous adiposity com pared to 
males, w hether this m ay lead to a higher peripheral lipolysis in  females is not 
know n in  this point (Tam opolsky, 2000).
In addition  to the fat storage issue, there is evidence that the lipolytic 
activity of lipoprotein lipase is higher in the muscle endothelium  in females 
com pared to males (Ellis et al., 1994). Tam opolsky (2000) has suggested w hether 
the available FFA is shunted  into oxidative or synthetic pathw ays is probably a 
function of the prevailing horm onal m ilieu and  acute and  chronic exercise 
train ing status. It has been suggested tha t Eg induces large oscillations in the
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balance betw een triglyceride synthesis and FFA oxidation (Hansen et al.,1980).
At the w hole body level, there are only tw o studies that exam ined the 
potential gender differences in  the m etabolic response to exercise using stable 
isotopic tracers (M endenhall et al., 1995; Ruby et al., 1997). One reported no 
differences in  paltim ate Ra across gender in  response to endurance exercise. 
H ow ever, there w ere only four subjects per group, and  glycerol Ra w as not 
determ ined (M endenhall et al., 1995; Ruby et al., 1997). Ruby et al. (1997) has 
exam ined the effect of Ej upon  glycerol turnover during  exercise in six 
am enorrheic females. Plasm a FFA concentration w as greater for both Eg trials 
versus placebo, and  a trend  tow ard slightly low er RER values was show n later 
in  exercise (Ruby et al., 1997). There w as no effect of treatm ent upon  glycerol Ra 
during  either of the Eg treatm ents (Ruby et al., 1997). C arter et al. (2000) have 
reported  sim ilar results using oral Eg in young males studied during  exercise.
Effects o f  active muscle mass and exercise mode on substrate utilization
It has been show n that plasm a glucose utilization during  exercise appears 
to be influenced by the m ode of exercise as well as the intensity and duration  of 
exercise (Coggan, 1991). A hlborg et al. (1986) have reported  that AC m ay result 
in a greater dependence on plasm a glucose as an  energy source com pared to LC 
exercise. According to Gollnick et al. (1972), muscle glycogen concentration 
(mM Glucose unit*kg'^) is sim ilar in the arm  and  leg muscles of untrained  m ale 
subjects, and  the respiratory  capacity of skeletal muscle tends to be low er in the 
arm s since the arm s are used less in  daily activities com pared to the legs. As a 
result, low er skeletal m uscle respiratory capacity m ay result in a greater
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utilization of carbohydrate (Coggan, 1991) and glucose derived from 
gluconeogenesis com pared to LC (Ahlborg et al., 1986).




All exercise testing take place in the H um an Perform ance Laboratory, 
McGill H all #121 at The University of M ontana, Missoula.
Subjects
I) The male study
T en recreationally active m ales served as subjects for this investigation. 
P rior to participation, each subject com pleted an  IRB approved inform ed consent 
form.
II) The gender comparative study
Recreationally active m en (n = 12) and  w om en (n = 10) served as subjects 
for this investigation. P rior to participation, each subject com pleted an IRB 
approved inform ed consent form. Female participants had  not been taking any 
form  of oral b irth  control and  reported  norm al m enstrual function for no less 
than  the three m onths p rio r to enrollm ent in  the study. Subm axim al exercise 
capacity in  females w as tested during  the early follicular phase (w ithin five days 
after the menses).
D escrip tive D ata
Weight, Age, Health History and Training Behavior
D ata w as collected to determ ine the participants' w eight, age, health
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history and  training behaviors. W eight (kg) was m easured using a calibrated, 
digital scale (M odel PS6600T, Befour Inc., Cedarburg, WI). A health history and 
exercise (duration, frequency, and intensity) questionnaire w as used to asses all 
subjects.
Anthropometric measurements and hydrostatic weighing
I) The male study
A nthropom etric m easurem ents were m ade on the right side of the body. 
A standard  anthropom etry  kit and Lange skinfold caliper w ere utilized as 
detailed by H eyw ard and Stolarczyk (19%).
Five circumeferences (at the axilla, the m axim um  circumference over the 
relaxed biceps, the m inim um  circumference above the elbow, the m axim um  
circumference over the relaxed forearm, and the m inim um  circumference above 
the styloid processes) w ere m easured on the arm , all a t 90° to the longitudinal 
axis. The arm  length w as m easured from  the acrom ion to the m inim um  w rist 
circumference, as defined above.
Five circumferences (at the top of the thigh, the m idthigh, im m ediately 
below the patella, the m axim um  calf, and  the m inim um  im m ediately above the 
ankle) w ere also m easured  on the leg, again at 90° to the longitudinal axis. Leg 
length w as m easured from  the m idpoint of a line joining the upperm ost 
circumference to the iUac crest, dow n to the m inim um  circumference above the 
ankle.
N ine skinfolds (biceps, triceps, the rear of the forearm , the front of the 
thigh, the rear of the calf, skinfold over the m edial hum eral intercondylar 
diam eter, skinfold over the lateral hum eral intercondylar, skinfold over m edial
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fem oral intercondylar diam eter, and  skinfold over the lateral fem oral 
intercondylar diam eter) w ere m easured at standardized  sites.
Limb volum es w ere estim ated as described by Shephard et al. (1988). Two 
standard  diam eters (hum eral intercondylar and  femoral intercondylar) were 
m easured using standard  anthropom etric calipers. The total volum e of the limb 
w as calculated as (ZC^)L/62.8, w here is the square of an  individual 
circumference reading and L is the corresponding lim b length. Fat volum e was 
calculated as (2C / 5)(2S/ 2n)L, w here 2C  is the sum  of the five circumferences, IS  
is the sum  of the skinfolds m easured over the lim b (for arm; biceps, triceps, and 
the rear of the forearm ; for leg: the front thigh and the rear of the calf, 
respectively) and  n  is the num ber of skinfold readings over the limb.
Bone volum e w as calculated as 3.14R^L, w here R is the average bone 
radius for the limb. Bone volum e w as calculated from  the intercondylar 
diam eters, corrected for overlying fat. The corrected hum eral intercondylar 
diam eter and  corrected fem oral intercondylar diam eter w ere estim ated as 
follows; for eirm: [hum eral intercondylar d iam eter -  (skinfold over the m edial 
hum eral intercondylar d iam eter + skinfold over the lateral hum eral 
intercondylar diameter)] x 0 .210, w here 0.210 is a geom etrical factor, for leg: 
[femoral intercondylar d iam eter - (skinfold over the m edial femoral 
intercondylar d iam eter + skinfold over the lateral fem oral intercondylar 
diameter)] x 0.235, w here 0.235 is a geom etrical factor.
M uscle volum e w as finally calculated as total lim b volum e - (fat volum e + 
bone volume). Limb m uscle volum es w ere converted from  m illiliters into 
kilogram s using the following: for arm: {[(arm m uscle volum e x 0.738) x 0 .9937] ^
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1000} + {[(airm m uscle volum e x 0.194) x 1.34] 1000} = arm  muscle mass; for leg:
{[(leg m uscle volum e x 0.738) x 0.9937] + 1000} + {[(leg muscle volum e x 0.194) x
1.34) + 1000]} = leg muscle mass, w here 0.738 is a proportion of w ater, 0.9937 is 
density of w ater, 0.194 is proportion  of protein, and 1.34 is a density of protein. 
Each arm  and  leg muscle m ass was m ultiplied by tw o to estim ate total m uscle 
mass for the upper and low er body limbs.
H ydrostatic w eighing at residual volum e w as used  to determ ine body fat 
percent (Siri, 1961). Subjects perform ed repeated underw ater w eight trials until 
three values w ithin 100 gram s w ere obtained.
II) The gender comparative study
A nthropom etric m easurem ents were m ade on both  the right and  left sides 
of the body. A standard  anthropom etry kit and  Lange skinfold caliper were 
utilized as detailed by H eyw ard and Stolarczyk (1996).
Five circumferences; axilla, the m axim um  circumference over the relaxed 
biceps, the m inim um  circumference above the elbow, the m axim um  
circumference over the relaxed forearm, and the m inim um  circumference above 
the styloid processes, w ere m easured on the arm  perpendicular to the 
longitudinal axis. The arm  length  w as m easured from  the acrom ion to the 
m inim um  w rist circumference.
Five circumferences; top of the thigh, the m idthigh, im m ediately below  
the patella, the  m axim um  calf, and  the m inim um  im m ediately above the ankle, 
w ere also m easured  on  the leg perpendicular to the longitudinal axis. Leg length 
w as m easured  from  the m idpoint of a line joining the upperm ost circum ference
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
2 5
to the iliac crest, dow n to the m inim um  circumference above the ankle.
N ine skinfold m easurem ents; biceps, triceps, the rear of the forearm, the 
front of the thigh, the rear of the calf, skinfold over the m edial hum eral 
intercondylar diam eter, skinfold over the lateral hum eral intercondylar, skinfold 
over m edial fem oral intercondylar diam eter, and  skinfold over the lateral 
fem oral intercondylar diam eter, w ere m easured at standard ized  sites.
Limb volum es w ere estim ated as described by Shephard et al. (1988). Two 
standard  diam eters (hum eral intercondylar an d  femoral intercondylar) were 
m easured using standard  anthropom etric calipers. The total volum e of the limb 
was calculated as (2C^)L/62.8, w here is the square of an  individual 
circumference reading and L is the corresponding limb length. Fat volum e was 
calculated as (2C / 5)(2S/ 2n)L, w here 2 C is the sum  of the five circumferences, 2 S 
is the sum  of the skinfolds m easured over the lim b (for arm: biceps, triceps, and 
the rear of the forearm ; for leg: the front thigh and the rear of the calf, 
respectively) and  n  is the num ber of skinfold readings over the limb.
Bone volum e w as calculated as JXR^L, w here R is the average bone radius 
for the limb. Bone volum e w as calculated from  the intercondylar diam eters, 
corrected for overlying fat. The corrected hum eral intercondylar diam eter and 
corrected fem oral intercondylar d iam eter w ere estim ated as follows; A rm  
correction = [hum eral intercondylar d iam eter -  (skinfold over the m edial 
hum eral intercondylar d iam eter + skinfold over the lateral hum eral 
intercondylar diam eter)] x 0.210, w here 0.210 is a geom etrical factor; Leg 
correction = [femoral intercondylar d iam eter -  (skinfold over the m edial femoral 
in tercondylar d iam eter + skinfold over the lateral fem oral intercondylar
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diam eter)] x 0.235, w here 0.235 is a geometrical factor.
Muscle volum e w as finally calculated as total lim b volum e - (fat volum e + 
bone volume). Limb m uscle volum es were converted from  milliliters into 
kilogram s using the following: A rm  muscle m ass (kg) = {[(arm muscle volum e x 
0.738) X 0.9937] + 1000} + {[(arm muscle volum e x 0.194) x  1.34] + 1000}; Leg 
m uscle m ass (kg) = {[(leg muscle volum e x 0.738) x 0.9937] 4-1000} + {[(leg 
muscle volum e x 0.194) x 1.34) + 1000]}. Conversion units are: 0.738 is the 
proportion of w ater, 0.9937 is density of water, 0,194 is proportion of protein, and 
1.34 is the density of protein. Right and left arm  muscle mass and right and left 
leg muscle m ass w ere respectively added  to estim ate total m uscle m ass for the 
upper an d  low er body limbs.
H ydrostatic w eighing, corrected for residual volum e, was used to 
determ ine percent body fat and  fat free mass. Residual volum e w as m easured at 
least three tim es w ith  a subject in a seated position using the helium  dilution 
technique (Collins M odular Lung Analyzer, Greensboro, NC). Subjects 
perform ed repeated underw ater w eight trials untU three values w ithin 100 grams 
were obtained. Body density w as converted to percent body fat using the age 
and gender specific form ulas of Lohm an (1992).
Exercise testing
Ergometers
I) The male study
All subjects, on separate occasions w ithin 14 days, com pleted continuous, 
graded  arm  crank (AC) and  leg cycle (LC) tests to detect Tvent, respectively. AC
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exercise w as perform ed using a B odyguard arm  crank ergom eter (Model 990). 
The subjects sat on a stool and  the axis of the arm  crank w as adjusted to shoulder 
level. All subjects com pleted a w arm -up (five m inutes) prior to testing. The AC 
testing protocol began w ith  three 1-m inute steady-state stages of increasing 
pow er ou tpu ts (8 w atts, 11 w atts, 15 watts). Im m ediately after the th ird  stage, 
the pow er ou tpu t (PO) w as increased 8 w atts every m inute until an RER & 1.0 
w as attained. LC exercise test w as perform ed using a w eighted M onark cycle 
ergom eter (M odel 824E). The LC testing protocol began w ith three 1-m inute 
steady-state stages of increasing pow er outputs (49 w atts, 74 watts, 97 watts). 
Im m ediately after the th ird  stage, the pow er ou tpu t w as increased 18 w atts every 
m inute until an RER a  1.0 was attained. A cadence of 50 rpm  w as used for these 
and all sebsequent exercise tests.
AC and  LC exercise trials a t the 70% and 90% of the m ode specific Tvent 
took place using the sam e ergom eters on separate days. All subjects perform ed, 
in  random ized order, 15 m in  of exercise und er each of the following conditions: 
(a) AC exercise at a PO associated w ith 70% of arm  VO2 at Tvent and 90% of arm  
VO2 at Tvent, (b) LC exercise at a PO associated w ith 70% of leg VOg at Tvent and 
90% of leg VO2 at Tvent.
II) The gender comparative study
AH subjects, on separate occasions w ithin  fourteen days, com pleted 
continuous, graded  arm  cranking (AC) and leg cycling (LC) tests to detect Tvent 
and  peak  VOg. AC exercise w as perform ed using a H enley Uppercycle 
ergom eter (M odel UPP0007; H enley healthcare, H ouston, TX). The subjects sat 
on a w ooden  chair w ith a back support board  w ith  the shoulders strapped  to
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
2 8
avoid the involvem ent of the trunk. The axis of the arm  crank w as adjusted to 
shoulder level (Sawka, 1986). All subjects com pleted a w arm -up (five minutes) 
prior to testing. The AC testing protocol began at 20 w atts. Power ou tp u t (PO) 
in  AC w as increased 5 w atts every m inute un til volitional exhaustion. The 
criteria for VOg peak included m eeting 2 of 3 criteria: p lateau in  VOj, an RER & 
1.1, and  volitional exhaustion. The LC exercise test w as perform ed using a 
w eighted M onark cycle ergom eter (Model 824E). The LC testing protocol began 
w ith  three 1-m inute steady-state stages of increasing pow er ou tputs (49 watts, 74 
w atts, 97 watts). Im m ediately after the th ird  stage, the pow er o u tpu t w as 
increased 18 w atts every m inute until volitional exhaustion. A constant cadence 
of 50 rp m  w as used during  exercise tests.
AC and  LC exercise trials at intensities relative to Tvent were random ly 
scheduled, using the sam e ergometers, on separate days. For each exercise 
m ode, all subjects perform ed 3 m in m onitored rest, 3 m in unloaded exercise, 3 
m in w arm -up  exercise, and 25 m in increm ental exercise at a PO associated w ith 
70, 85,100, and  115% of m ode specific VO2 at Tvent for 5 m inutes at each 
intensity.
Metabolic measurements
I) The male study
Each subject w as instructed to refrain from  eating or ingesting caffeine, 
nicotine and  alcohol 8 - 1 2  hours before exercise trials and  to refrain from  
exercise 15 hours p rio r to the testing. H eart rates w ere m onitored using a 
telem etry chest s trap  heart rate m onitor (Polar, Port W ashington, NY). Expired
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gases w ere collected and analyzed using a calibrated parvom edics metabolic 
system  (Parvomedics, Inc., Salt Lake City, UT) w ith Beckman O ; (OM -11) and 
CO, analyzers (LB - 2; Beckman Instrum ents, Inc., Fullerton, CA) and heated 
H ans R udolph linear pneum otachom eter (Hans R udolph, Inc., Kansas City, MO). 
Prior to each test, the m etabolic system  was calibrated w ith  a 3L calibration 
syringe and m edical gases of know n concentrations (15.2%02, 5.17%C02, 
Ng-balance). M etabolic data (VOg, VE^po, and  RER) w ere collected every 15 
seconds. Steady state VOj and RER w ere used to calculate carbohydrate and fat 
oxidation (Frayn, 1983).
The gross m echanical efficiency (GE) w as calculated during  submaximal 
exercise using the following equation: GE = w ork accom plished /energy  
expended x 100 %, w here bo th  w ork  accom plished and energy expended were 
expressed as kcal* min^ (Gaesser & Brooks, 1975; Kang et al., 1997,1999,). The 
overall ratings of perceived exertion (RPE) w ere obtained using the 6-20 scale 
(Borg, 1974).
II) The gender comparatwe study
Each subject w as instructed to refrain from eating or ingesting caffeine, 
nicotine and alcohol 4 hours before subm axim al exercise trials and  to refrain 
from  exercise 12 hours prior to the testing. H eart rates w ere m onitored using a 
telem etry chest strap  heart rate m onitor (Polar, Port W ashington, NY). Expired 
gases w ere collected and  analyzed using a calibrated Parvom edics metabolic 
system  (Parvomedics, Inc., Salt Lake City, UT) w ith  Beckman (OM -11) and 
CO2 analyzers (LB - 2; Beckman Instrum ents, Inc., Fullerton, CA) and heated 
H ans R udolph linear pneum otachom eter (Hans R udolph, Inc., Kansas City, MO).
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Prior to each test, the m etabolic system  was calibrated w ith a 3L calibration 
syringe and  m edical gases of know n concentrations (15.2%02, 5.17%C02, 
Ng-balance). M etabolic data (VOj, VE^po, and RER) were collected every 15 
seconds. Steady state VOj and RER w ere used to calculate carbohydrate and fat 
oxidation (Frayn, 1983).
Determination o f ventilatory threshold (Tvent)
Three m ethods w ere used to determ ine Tvent in the present study as 
follows: (I) Ventilatory equivalent m ethod (VEQ m ethod)(Shim izu et al., 1991), 
(H) Excess carbon dioxide (ExCOg m ethod)(A nderson et al., 1989) and (111) 
M odified V-slope m ethod using 15 seconds averaged data (Beaver et al., 1986). 
These three m ethods were used concurrently and all m ethods were required to 
show  concurrent Tvent breakpoints per m ethods by Gaskill et al. (2001).
A detailed protocol to m aintain tight quality control over determ ination of 
Tvent w as followed sim ilar to m ethods decided by Gaskill et al. (2001): Two 
investigators assessed each testing record. Each observer independently 
determ ined values for VOj at Tvent and tim e w hen Tvent w as achieved (Tvent 
time) using each of the above three visual m ethods. These three m ethods were 
then com pared to one another and Tvent needed to be in  agreem ent in  all three 
m ethods w ithin 1 min. If the tim e at w hich Tvent occurred, as determ ined by 
three m ethods, w as w ith in  the sam e m inute of exercise then the VOj at Tvent 
values and  Tvent tim es for three m ethods w ere averaged. W hen the occurrence 
tim e of Tvent determ ined by three m ethods d id  not occur w ithin the sam e 
m inute then  the data w ere rejected. The occurrence tim es at Tvent, determ ined
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by the tw o independent investigators, were then com pared. If either evaluator 
had  rejected the data, then the data were rejected for tha t test and the subject was 
re-tested. If the independently  determ ined tim es at Tvent were w ithin the same 
m inute then  the VOj at Tvent values and Tvent occurrence tim es for the two 
investigators w ere averaged.
Research D esign  an d  Statistical Procedures
I) The male study
A paired  S tudent's t-test w as applied to assess significant differences in 
physiological responses at the Tvent during  AC and LC exercise. A two-way 
(m ode X intensity) analysis of variances (ANOVA) w ith  repeated m easures (2 
w ithin, 0 between) w as perform ed to test for significant differences in dependent 
variables w ith  the SuperANOVA statistical package (Abacus Inc, Berkeley, CA). 
The level of significance w as set at p<0.05. All data is presented as m ean ± SD.
II) The gender comparatwe study
A n independent S tudent's t-test was applied to assess significant 
differences in  physical characteristics of subjects and  m axim al physiological 
responses during  AC and  LC exercise. Using a series of a priori p lanned 
com parisons, a tw o-w ay (gender x intensity) analysis of variances (ANOVA) 
w ith  m ixed design (1 between, 1 w ithin) w as perform ed to test for significant 
differences in  dependen t variables w ith  the SuperANOVA statistical package 
(Abacus Inc, Berkeley, CA). The level of significance w as set at p<0.05. All data 
is presented  as m ean ± SD.
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A bstract
B ac l^ ro u n d . The purpose of this study was to determ ine variations in substrate 
u tilization in m en during  arm  and leg exercise at 70 and  90% of m ode specific 
ventilatory threshold (Tvent).
M ethods. Ten m ales served as subjects. Limb total and  muscle volum es were 
estim ated in  the righ t arm  and  leg w ith  anthropom etry (Shephard et al., 1988). 
Ventilatory equivalence, excess COg, and  m odified V-slope m ethods w ere used to 
determ ine Tvent (Gaskill et al., 2001). Subjects perform ed 15 m in of exercise at 70 
and 90% Tvent arm  cranking (AC) exercise, and 70 and  90% Tvent leg cycling 
(LC) exercise.
Results. VO2, VE, and  HR w ere higher during  LC exercise at both  intensities. 
How ever, arm  and  leg RPE w ere not different at 70% and 90%Tvent. There were 
no significant differences betw een m odes at 70%Tvent in relative carbohydrate 
use (54.5 ± 9.5 and  57.8 + 8.2% for AC and LC, respectively) and  relative fat 
oxidation (45.5 ± 9.5 and 42.2 ± 8.2% for AC and  LC, respectively). However, at 
90% Tvent, relative carbohydrate oxidation w as significantly higher during  AC 
versus LC exercise (75.4 ± 10.6 versus 68.6  ± 9.0%, p<0.05). The kcal*kg lim b 
muscle m ass‘d • m in  ̂w as significantly higher during  AC exercise (0.8 + 0.2 and 
1.0 ± 0.2 for the 70 and  90%Tvent, respectively) versus LC exercise (0.4 ± 0.1 and
0.5 ± 0.1 for the 70 and  90%Tvent, respectively; p<0.05).
C onclusions. These results indicate tha t substrate use during  AC exercise is 
sim ilar to LC exercise at 70%Tvent. H ow ever, as the exercise intensity increases, 
the sm aller arm  m usculature becomes m ore dependen t on  carbohydrate 
utilization com pared to  the legs.
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m echanical efficiency
In troduction
Inform ation on substrate utilization during  arm  and leg exercise could be 
useful in  establishing criteria for rehabilitation, specific activities, sports 
perform ances, and  job selection in occupations involving extensive use of the 
u p p er and  low er body. W hen absolute w ork load is similar, arm  exercise w ith 
small m uscle m ass com pared to leg exercise w ith  large muscle m ass is 
accom panied by a larger rise in  heart rate, blood pressure, pulm onary 
ventilation, and  arterial lactate concentration (1-5). A n evaluation of w hether 
active m uscle m ass affects substrate utilization will aid in addressing the 
m echanism  of substrate selection involved in exercising skeletal muscle. It has 
been show n that substrate utilization during  arm  and  leg exercise is regulated by 
relative exercise intensity and  not the exercising muscle m ass (2). In addition, 
other studies have dem onstrated physiological responses at the sam e relative 
intensities expressed as a percentage of the m ode specific V O jpeak during  arm  
and leg exercise (2, 6, 7). H ow ever, m ode specific lactate threshold (Tlact) 
a n d /o r  ventilatory threshold (Tvent) have not previously been evaluated as a 
m ethod of normcdizing the exercise intensity w hen com paring u p p er and low er 
body exercise. Thus, previous findings relative to VOgpeak may be attenuated 
because it has been show n that individuals w ith  sim ilar V O jpeak values do not 
necessarily have the sam e Tlact. Therefore, their subsequent response in 
substrate utilization to exercise expressed relative to VOj peak w ill differ (8).
Tvent has been proposed as a m ore appropriate  basis than  a percentage
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of V O jpeak  for the prescription of exercise train ing for a w ide variety of 
indiv iduals (9). In addition, Tvent m ay be reliably determ ined using non- 
invasive m ethods (9-11). The purpose of this study was to determ ine the 
variations in  substrate utilization in m en during  arm  and leg exercise at 70 and 
90% of m ode specific Tvent.
M ethodology
Subjects
Ten recreationally active males served as subjects for this investigation 
(Table 1). P rior to participation, each subject com pleted an  IRB approved 
inform ed consent form.
Anthropometric measurements and hydrostatic weighing
A nthropom etric m easurem ents w ere m ade on the right side of the body. 
A standard  anthropom etry kit and  Lange skinfold caliper w ere utilized as 
detailed by H eyw ard  and Stolarczyk (12),
Five circumeferences (at the axilla, the m axim um  circumference over the 
relaxed biceps, the m inim um  circumference above the elbow, the m axim um  
circum ference over the relaxed forearm, and the m inim um  circumference above 
the styloid processes) w ere m easured on the arm , all at 90" to the longitudinal 
axis. The arm  length w as m easured from  the acrom ion to the m inim um  w rist 
circumference, as defined above.
Five circumferences (at the top  of the thigh, the m idthigh, im m ediately 
below  the patella, the m axim um  calf, and  the m inim um  im m ediately above the
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ankle) w ere also m easured on the leg, again at 90° to the longitudinal axis. Leg 
length w as m easured from  the m idpoint of a line joining the upperm ost 
circum ference to the ihac crest, dow n to the m inim um  circumference above the 
ankle.
N ine skinfolds (biceps, triceps, the rear of the forearm, the front of the 
thigh, the rear of the calf, skinfold over the m edial hum eral intercondylar 
diam eter, skinfold over the lateral hum eral intercondylar, skinfold over medial 
fem oral intercondylar diam eter, and  skinfold over the lateral femoral 
in tercondylar diam eter) w ere m easured at standardized  sites.
Limb volum es w ere estim ated as described by Shephard et al. (13). Two 
standard  diam eters (hum eral intercondylar and femoral intercondylar) were 
m easured using standard  anthropom etric calipers. The total volum e of the limb 
w as calculated as (2C^)L/62.8, w here is the square of an individual 
circumference reading and L is the corresponding limb length. Fat volum e was 
calculated as (2C /5)(2S /2n)L , w here 2C  is the sum  of the five circumferences, 28 
is the sum  of the skinfolds m easured over the lim b (for arm: biceps, triceps, and 
the rear of the forearm ; for leg: the front thigh and  the rear of the calf, 
respectively) and n  is the num ber of skinfold readings over the limb.
Bone volum e w as calculated as 3.14R^L, w here R is the average bone 
radius for the limb. Bone volum e w as calculated from  the intercondylar 
diam eters, corrected for overlying fat. The corrected hum eral intercondylar 
diam eter and  corrected fem oral intercondylar d iam eter w ere estim ated as 
follows; for arm: [hum eral intercondylar d iam eter -  (skinfold over the m edial 
hum eral intercondylar d iam eter + skinfold over the lateral hum eral
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in tercondylar diameter)] x 0 .210, w here 0.210 is a geom etrical factor, for leg: 
[femoral in tercondylar diam eter - (skinfold over the m edial femoral 
in tercondylar diam eter + skinfold over the lateral fem oral intercondylar 
diam eter)] x 0.235, w here 0.235 is a geom etrical factor.
M uscle volum e w as finally calculated as total lim b volum e - (fat volum e + 
bone volume). Limb m uscle volum es w ere converted from  milliliters into 
kilogram s using the following: for arm: {[(arm muscle volum e x 0.738) x 0.9937] + 
1000} 4- {[(arm m uscle volum e x 0.194) x 1,34] + 1000} = arm  muscle mass; for leg: 
{[(leg m uscle volum e x 0,738) x 0.9937] + 1000} + {[(leg m uscle volum e x 0.194) x
1.34) -s-1000]} = leg m uscle mass, w here 0.738 is a p roportion of w ater, 0.9937 is 
density of w ater, 0.194 is proportion  of protein, and 1.34 is a density of protein. 
Each arm  and  leg m uscle m ass w as m ultiplied by tw o to estim ate total muscle 
m ass for the u p p er and low er body hm bs (Table I).
H ydrostatic w eighing at residual volum e w as used to determ ine body fat 
percent (14). Subjects perform ed repeated underw ater w eight trials until three 
values w ith in  100 gram s w ere obtained.
Ergometers
AU subjects, on separate occasions w ithin 14 days, com pleted continuous, 
graded arm  crank (AC) and leg cycle (LC) tests to detect Tvent, respectively. AC 
exercise w as perform ed using a B odyguard arm  crank ergom eter (M odel 990). 
The subjects sat on  a stool and  the axis of the arm  crank w as adjusted to shoulder 
level. AU subjects com pleted a w arm -up (five m inutes) p rio r to testing. The AC 
testing protocol began w ith  three 1-m inute steady-state stages of increasing
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pow er ou tpu ts (8 w atts, 11 w atts, 15 watts). Im m ediately after the th ird  stage, 
the pow er ou tpu t (PO) w as increased 8 w atts every m inute until an RER a 1.0 
w as attained. LC exercise test w as perform ed using a w eighted M onark cycle 
ergom eter (M odel 824E). The LC testing protocol began w ith three 1-minute 
steady-state stages of increasing pow er ou tpu ts (49 w atts, 74 w atts, 97 watts). 
Im m ediately after the th ird  stage, the pow er ou tpu t w as increased 18 w atts every 
m inute un til an  RER & 1.0 w as attained. A cadence of 50 rpm  w as used for these 
and aU sebsequent exercise tests.
AC and  LC exercise trials at the 70% and 90% of the m ode specific Tvent 
took place using the sam e ergom eters on separate days. All subjects perform ed, 
in  random ized order, 15 m in of exercise under each of the following conditions: 
(a) AC exercise at a PO associated w ith  70% of arm  VO2 at Tvent and  90% of arm  
VO2 at Tvent, (b) LC exercise at a PO associated w ith  70% of leg VO; at Tvent and 
90% of leg VO; at Tvent.
Metabolic measurements
Each subject w as instructed to refrain from  eating or ingesting caffeine, 
nicotine and alcohol 8 - 1 2  hours before subm axim al exercise trials and  to refrain 
from  exercise 15 hours p rio r to the testing. H eart rates w ere m onitored using a 
telem etry chest s trap  heart rate m onitor (Polar, Port W ashington, NY). Expired 
gases w ere collected and  analyzed using a calibrated parvom edics m etabolic 
system  (Parvom edics, Inc., Salt Lake City, UT) w ith  Beckman O; (OM -11) and 
CO; analyzers (LB - 2; Beckman Instrum ents, Inc., Fullerton, CA) and  heated 
H ans R udolph  linear pneum otachom eter (H ans Rudolph, Inc., Kansas City, MO). 
P rior to each test, the metabolic system  w as calibrated w ith  a 3L calibration
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syringe and  m edical gases of know n concentrations (15.2%02, 5.17%C02, 
Nj-balance). M etabolic data (VO2, VEstpiv and RER) w ere collected every 15 
seconds. Steady state VOj and RER w ere used to calculate carbohydrate and fat 
oxidation (15).
The gross m echanical efficiency (GE) w as calculated during  submaximal 
exercise using  the following equation: GE = w ork accom plished /  energy 
expended x 100 %, w here both  w ork  accom plished and energy expended were 
expressed as kcal* min^ (7,16,17). The overall ratings of perceived exertion 
(RPE) w ere obtained using the 6-20 scale (18).
Determination o f ventilatory threshold (Tvent)
Three m ethods w ere used to determ ine Tvent in the present study as 
follows: (I) Ventilatory equivalent m ethod (VEQ m ethod)(19), (II) Excess carbon 
dioxide (ExCOg method)(20) and the (III) M odified V-slope m ethod using 15 
seconds averaged data (21). These three m ethods w ere used concurrently and all 
m ethods w ere required to show  concurrent Tvent breakpoints per m ethods by 
Gaskill et al. (10).
A  detailed protocol to m aintain tight quality control over determ ination of 
Tvent w as followed sim ilar to  that decided by Gaskill et al. (10): Tw o 
investigators assessed each testing record. Each observer independently  
determ ined values for VOg at Tvent and tim e w hen Tvent w as achieved (Tvent 
time) using each of the above three visual m ethods. These three m ethods were 
then com pared to one another and Tvent needed to be m  agreem ent in  all three 
m ethods w ith in  1 min. If the tim e at w hich Tvent occurred as determ ined by
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three m ethods occurred w ithin  the same m inute of exercise then  the VO2 at Tvent 
values and  Tvent tim es for three m ethods w ere averaged. W hen the occurrence 
tim e of Tvent determ ined by three m ethods d id  not occur w ithin  the same 
m inute then  the data w ere rejected. The occurrence tim es at Tvent, determ ined 
by the tw o independent investigators, w ere then  com pared. If either evaluator 
had  rejected the data, then  the data were rejected for that test and  the subject was 
re-tested. If the independently  determ ined tim es at Tvent w ere w ithin the same 
m inute then  the VO2 at Tvent values and Tvent occurrence tim es for the two 
investigators w ere averaged.
Statistical procedures
A  paired  S tudent's t-test w as applied to assess significant differences in 
physiological responses at the Tvent during  AC and LC exercise. A two-way 
(m ode X intensity) analysis of variances (ANOVA) w ith  repeated m easures (2 
w ithin, 0 between) w as perform ed to test for significant differences in dependent 
variables w ith  the SuperANOVA statistical package (Abacus Inc, Berkeley, CA). 
The level of significance w as set at p<0.05. All data is presented as m ean ± SD.
R esults
Physiological responses at the Tvent
The physiological responses at the Tvent for AC and  LC exercise are 
presented  in  Table II. The PO, VOg (both absolute and relative), VE, and HR 
w ere significantly higher du ring  LC com pared to AC exercise, w hereas RER 
w ere not significantly different betw een AC and  LC.
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Physiological responses at the mode specific Tvent
The physiological responses during  AC and LC exercise at the m ode 
specific Tvent are show n in Table III. The PO, VO2 (absolute and relative), VE, 
and  HR w ere significantly different betw een m odes at both  intensities. There 
w as no significant difference betw een m odes at 70% Tvent in RER. H ow ever, at 
90%Tvent, RER w as significantly higher during  AC com pared to LC exercise. In 
addition, GE w as significantly low er during  AC com pared to LC exercise at 70% 
and 90%Tvent. A rm  and  leg RPE w ere not significantly different at 70% and 
90%Tvent.
Substrate oxidation
There w ere no significant differences betw een m odes at 70%Tvent in 
carbohydrate and  fat oxidation (Fig. 1-A and 1-B). However, at 90%Tvent, 
carbohydrate oxidation w as significantly higher and fat oxidation was 
significantly low er du ring  AC versus LC exercise (Fig. 1-A and 1-B). Total 
energy expenditure w as significantly low er during  AC exercise at 70% and 
90%Tvent com pared to LC exercise (Fig. 2-A). W hen energy expenditure w as 
expressed in  term s of lim b m uscle m ass (kcahkg limb muscle mass^* min^ ), 
energy expenditure du ring  AC w as significantly higher com pared to LC at 70% 
and 90%Tvent (Fig. 2-B).
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Table I, -The physical characteristics of subjects (n=10)
Variable Mean ± SD
A ge (yr) 23.4 ± 3.6
H eight (cm) 178.5 ± 6.1
W eight (kg) 66.8 ± 6.6
Percent body fat (%) 10.8 ± 2.4
Arm m uscle m ass (kg) 4.36 ± 0.76
Leg m uscle m ass (kg) 17.99 ± 2.81
Table ll.-Physiological responses at the ventilatory threshold.
Variable AC LC
Power output (W) 46.1 ± 11.1 144.6 ± 17.1*
VO 2  (l*min^) 1.00 ± 0.20 1.89 ± 0.30*
VO 2  (ml kg^ min'^) 15.3 ± 3 .0 28.8 ± 3.3*
VEsifd (1 min^) 22.58 ±4 .3 32.79 ± 3.5*
HR (beats min^) 109.3 ± 18.5 121.6 ± 12.3*
RER 0.90 ± 0.04 0.90 ± 0.03
Values are m eans ± SD. * Significantly different from AC at p<0.05
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
9
Table \\\.-Physiological responses during AC and LC exercise at the mode specific ventilatory threshold
Variable Arm70%Tvent Leg70%Tvent Arm90%Tvent Leg90%Tvent
Power output (watts) 25.8 ±9.3 93.6 ±13.1* 39.3 ±9.7 122.9 ±16.1*
VO2 (1-min’) 0.72 ±0.14 1.34 ±0.17* 0.90 ± 0.16 1.70 ±0.20*
VO2 (m lkg‘*min'0 10.7 ±1.9 20.1 ±2.4* 13.5 ±2.2 25.7 ±3.0*
HR (beats min ') 92.4 ±17.8 101.7 ±8.9* 101.1 ± 18.0 115.6 ±12.4*
V̂ sxpD (I'uun') 17.59 ±5.42 24.76 ±2.34* 22.15 ±5,21 31.08 ±3.85*
RER 0.86 ±0.03 0.87 ±0.02 0.92 ±0.03 0.90 ±0.03*
GE (%) 10.1 ± 1.6 20.5 ±1.3* 12.4 ±1.5 21.0 ± 1.2*
RPE 10.8 ±1.4 11.1 ± 1.2 12.2 ± 1.1 12.4 ±0.6





























































Fig. l.-(A ) C arbohydrate oxidation and  (B) fat oxidation during  15 m inutes 
of arm  cranking (AC) and leg cycling (LC) exercise at 70% and 90% of Tvent. 
* Significant difference betw een m odes at p<0.05. Each value represents 
m ean  ± SD of 10 m ale subjects.















• m inFig. 2.-{A) Total kcal • m in and  (B) kcal • kg lim b muscle mass 
du rin g  15 m inutes of arm  cranking (AC) and  leg cycling (LC) exercise 
at 70% and  90% of Tvent. * Significant difference betw een m odes 
at p<0.05. Each value represents m ean ± SD of 10 m ale subjects.
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D iscussion
The research design em ployed in the present study enabled com parisons 
of substrate utilization during  AC and LC exercise at the m ode specific Tvent. 
Some investigators have show n that AC exercise elicits a higher HR, blood 
pressure, pulm onary  ventilation, and  blood lactate response com pared to LC 
exercise at the sam e absolute VO2 (1-5). The present data also dem onstrates a 
higher HR and  pulm onary  ventilation during  LC exercise relative to the Tvent. 
H ow ever, sim ilar VO^peak values do not necessarily indicate a sim ilarity m  Tlact 
and /  or Tvent across all subjects. Therefore, the subsequent substrate utilization 
during  exercise expressed relative to VOzpeak will differ (8 ).
H ooker et al. (2) suggested that the m agnitude of carbohydrate and fat 
utilization by  exercising muscle are m ore dependent on the relative exercise 
intensity than  the am ount of active muscle mass. O ther studies have show n that 
substrate u tilization is directly related to the relative exercise intensity (22,23).
In the presen t study, carbohydrate and fat oxidation were sim ilar during  AC and 
LC exercise at 70%Tvent even w hen the total active muscle m ass w as lower 
du ring  AC exercise. O ur findings indicate tha t there is a m ore pronounced 
increase in  carbohydrate oxidation and  a low er fat oxidation in the arm s w hen 
the exercise intensity increases from  70% to 90%Tvent. A hlborg and Jensen- 
U rstad reported  that AC exercise induces an  increase in  muscle glycogen use 
com pared to LC at the sam e percentage of VO^peak, thus resulting in a higher 
net lactate release from  the exercising m uscle (24). AC exercise also appears to 
result in  a  greater proportion  of glucose production derived from 
gluconeogenesis (25). It is difficult to isolate the effects of active m uscle m ass on 
substrate utilization as m any muscles are involved du ring  arm  and leg
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ergom etry. H ow ever, in  the present study, arm  and leg m uscle volum es were 
estim ated using  anthropom etric m easurem ents to determ ine effects of limb 
m uscle m ass on substrate utilization. Shephard et al. (13) has reported that 
although the anthropom etric data provide a good estim ate of limb m uscularity, 
such calculations cannot indicate how  large a proportion of the lim b muscles is 
active du ring  any given m ode of exercise. O ur findings suggest that w hen 
energy expenditure is expressed in term s of limb muscle mass 
(kcal*kg lim b m uscle m ass‘̂ *min^), energy expenditure during  AC is higher 
com pared to LC exercise. This m ay in  part be explained by the recruitm ent of a 
higher percentage of total Umb muscle mass during  AC versus LC exercise at 
exercise near the m ode specific Tvent.
It has been show n that GE reflects a ratio of external w ork accomplished 
to the energy expended for external work, resting metabolism, and  unm easured 
work, such as un loaded  exercise, torso stabilization, isom etric contraction, or 
in ternal organ activity above resting m etabolism  (17, 26). In the present study, 
GE w as significeintly low er during  AC com pared to LC. GE is related to muscle 
fiber com position of the exercising m usculature (27). Previous research has 
suggested a greater percentage of fast tw itch fibers in the upp er com pared to 
low er body m usculature (28). Therefore, the com paratively low er GE during  AC 
in the present study m ay dem onstrate a greater participation and recruitm ent of 
fast-tw itch m uscle fibers du ring  AC com pared to LC exercise relative to the 
Tvent.
Plasm a glucose, m uscle glycogen and  lactate concentrations w ere not 
m easured  in  the present study. H ow ever, one explanation for the higher
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carbohydrate oxidation during  AC m ight be that the respiratory capacity of 
skeletal m uscle tends to be low er in  the arm s since the arm s are used less in 
everyday activities com pared to the legs (28,29). In addition, another 
explanation m ay be differences in fiber com position of the active muscle mass 
du ring  AC and  LC exercise as described above (24). Coggan reports that plasm a 
glucose utilization during  exercise appears to be influenced by the m ode of 
exercise (29). A hlborg et al. (25) suggests that this m ay result in a greater 
dependence on plasm a glucose and /  or m uscle glycogen during  AC exercise 
com pared to LC exercise a t a sim ilar absolute VOg. This difference in 
carbohydrate utilization m ay not be due to differences in the availability of 
m uscle glycogen as total m uscle glycogen concentration (mM Glucose units^kg ’) 
is sim ilar in the arm  and  leg muscles of untrained subjects (28). A greater 
utilization of carbohydrate by the arm s com pared to the legs may be due to a 
low er skeletal m uscle respiratory capacity. Glucose uptake by a given muscle 
group  is inversely related to the total am ount of muscle that is exercising (29, 30). 
Therefore, the greater dependence on carbohydrate during  AC exercise may 
sim ply be a function of a relatively small active muscle m ass w orking at a higher 
percentage of m axim al force production.
In  conclusion, ou r findings indicate that substrate use du ring  AC exercise 
is sim ilar to LC exercise at 70%Tvent even w hen the total active m uscle m ass and 
GE are lower. H ow ever, as the exercise intensity approaches Tvent (90%), the 
sm aller arm  m usculature becom es m ore dependent on carbohydrate utilization 
com pared to  the legs.
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A bstract
Purpose: The purpose of this study w as to determ ine the variations in 
substrate utilization betw een m en and w om en during  increm ental arm  and leg 
exercise at 70, 85,100, and 115% of the m ode specific ventilatory threshold 
(Tvent). M ethods: Recreationally active m en (n = 12) and w om en (n = 10) served 
as subjects. Ventilatory equivalence, excess COg, and m odified V-slope m ethods 
w ere concurrently used to determ ine Tvent. Subjects perform ed 5 m inutes of 
exercise at each intensity of 70, 85,100, and 115% Tvent arm  cranking exercise 
(AC), and  70, 85,100, and  115% Tvent leg cycling (LC) exercise. Significance was 
set at p<0.05. Results: W hen carbohydrate (kcal CHO*kg FFM'^*min^) and fat 
(kcal FAT*kg FFM ^-min ̂ ) oxidation w ere expressed relative to total fat free 
m ass, carbohydrate oxidation during  AC and LC w as significantly higher in men 
at each stage (AC: 0.04 ± 0.01, 0.06 ± 0.02, 0.07 ± 0.02, and 0.09 ± 0.02 for m en vs. 
0.030 ± 0.01, 0.04 ± 0.01, 0.05 ± 0.01, and 0.07 ± 0,01 for wom en, respectively; LC: 
0.08 ± 0.02, 0.11 + 0.03, 0.14 ± 0.04, and  0.17 ± 0.04 for m en vs. 0.07 ± 0.02,
0.09 ± 0.02, 0.11 + 0.02, 0.13 ± 0.03 for wom en, respectively), w hereas fat oxidation 
during  AC w as significantly higher in w om en at each stage (0.02 ± 0.01, 0.02 ± 
0.01, 0.02 ± 0.01, and 0.02 ± 0.01 for m en vs. 0.03 ± 0.01, 0.03 ± 0.01, 0.03 ± 0.01, 
0.03± 0.01 for wom en, respectively). Conclusion: O ur findings indicate that 
w hen  substrate u tilization is expressed relative to total fat free mass, w om en 
appear to  m aintain  a h igher rate of fat and  low er rate of carbohydrate oxidation 
com pared to m en during  both increm ental AC an d  LC exercise relative to Tvent. 
In addition , this gender interaction in fat oxidation is larger during  increm ental 
AC com pared to LC exercise.
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K ey w ords: Carbohydrate oxidation, fat oxidation, fat free mass, relative 
intensity, gender-related horm ones
In troduction
Previous research has suggested that exercise at sim ilar intensities relative 
to VO2 peak  m ay represent sim ilar m etabolic challenges for m en and w om en in 
contrast to exercise at the sam e absolute intensity (22). In addition, previous 
research has show n that w hen metabolic data is expressed relative to total body 
m ass, fat free mass, and  lim b volum e, the influence of overall body size and 
difference across gender during  arm  cranking (AC) and  leg cycling (LC) exercise 
will be elim inated (37). It has also been suggested that the relative gender 
difference in VO2 peak is sim ilar during  AC and  LC exercise (36, 37). O ther 
reports have show n that substrate utilization during  AC and LC exercise is 
regulated by the exercise intensity relative to VOg peak and not the mass of the 
active exercising m uscles (21).
W hile individuals w ith  sim ilar values for VO2 peak can differ in  lactate 
threshold  (Tlact) a n d /o r  ventilatory threshold (Tvent)(2,11,12,13,23, 26), to our 
know ledge, Tlact and  Tvent have not previously been evaluated as a m ethod to 
norm alize the exercise intensity w hen com paring AC and LC exercise across 
gender. Thus, Tvent m ay be a m ore appropriate m ethod for com paring substrate 
utilization than  is VO2 peak  (17). In addition, the use of Tvent is less invasive 
than  the use of Tlact (20). To date, m ost studies have selected exercise intensity 
expressed as a percentage of VO2 peak  in spite of the com pelling evidence that 
Tlact or T vent provides an  excellent set poin t for sim ilar substrate utilization.
G ender com parison during  AC and LC exercise relative to the Tvent may
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establish a m ore appropriate way to com pare heterogeneous groups. However, 
gender difference in  substrate oxidation during  AC and LC exercise at the same 
intensity relative to the Tvent have not been thoroughly investigated.
It has been  show n that w om en have a low er respiratory exchange ratio 
(RER) du ring  endurance exercise com pared to m en (16,22, 32, 34, 35). 
Consequently, these studies concluded that w om en oxidize proportionately 
m ore fat and less carbohydrate during  subm axim al endurance exercise 
com pared to men. These studies have used low er body exercise such as 
treadm ill and  leg cycling, and  a com parison of upper and low er body exercise 
has received little attention. Thus, the investigation and com parison of AC and 
LC exercise m ay be helpful to m ore fully understand  the variations in substrate 
utilization across gender.
We hypothesized that w hen substrate utilization w as expressed relative to 
fat free m ass, 1) m en wiU oxidize a greater percentage of the total energy 
expenditure from  carbohydrate during  AC and LC exercise com pared to women, 
and  2) w om en will oxidize a  higher percentage of the total energy expenditure 
from  fat du ring  AC and LC exercise com pared to men. Therefore, the purpose of 
this study  w as to determ ine the variations in substrate utilization betw een m en 




Recreationally active m en (n = 12) and w om en (n = 10) served as subjects
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for this investigation. Prior to participation, each subject com pleted an IRB 
approved  inform ed consent form. Female participants had not been taking any 
form  of oral b irth  control and reported norm al m enstrual function for no less 
than  the three m onths p rio r to enrollm ent in the study. Subm axim al exercise 
capacity in females was tested during  the early follicular phase (within five days 
after the menses).
Anthropometric measurements and hydrostatic weighing
A nthropom etric m easurem ents were m ade on both  the right and left sides 
of the body. A  standard  anthropom etry kit and  Lange skinfold caliper were 
utilized as detailed by H eyw ard and Stolarczyk (19).
As described by Shephard et al. (30), five circumferences were 
m easured  on the arm  perpendicular to the longitudinal axis. The arm  length was 
m easured from  the acrom ion to the m inim um  w rist circumference. Five 
circumferences w ere also m easured on the leg perpendicular to the longitudinal 
axis. Leg length was m easured from  the m idpoint of a line joining the 
upperm ost circum ference to the iliac crest, dow n to the m inim um  circumference 
above the ankle.
N ine skinfold m easurem ents; biceps, triceps, the rear of the forearm, the 
front of the thigh, the rear of the calf, skinfold over the m edial hum eral 
intercondylar diam eter, skinfold over the lateral hum eral intercondylar, skinfold 
over m edial fem oral intercondylar diam eter, and  skinfold over the lateral 
fem oral in tercondylar diam eter, were m easured  at standardized  sites.
Limb volum es w ere estim ated as described by Shephard et al. (30).
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Bone volum e w as calculated as JïR^L, w here R is the average bone radius 
for the limb. Bone volum e w as calculated from  the intercondylar diam eters, 
corrected for overlying fat. The corrected hum eral intercondylar diam eter and 
corrected fem oral intercondylar diam eter w ere estim ated as follows; A rm  
correction = [hum eral intercondylar diam eter -  (skinfold over the m edial 
hum eral in tercondylar diam eter + skinfold over the lateral hum eral 
intercondylar diam eter)] x 0.210, w here 0.210 is a geometrical factor; Leg 
correction = [femoral intercondylar diam eter -  (skinfold over the m edial femoral 
intercondylar d iam eter + skinfold over the lateral femoral intercondylar 
diam eter)] x 0.235, w here 0.235 is a geom etrical factor.
M uscle volum e w as finally calculated as total lim b volum e - (fat volum e + 
bone volume). Limb m uscle volum es w ere converted from  milliliters into 
kilogram s using the following: A rm  muscle m ass (kg) = {[(arm muscle volum e x
0.738) X 0.9937] + 1000} + [[(arm muscle volum e x 0.194) x 1.34] + 1000}; Leg 
m uscle m ass (kg) = {[(leg muscle volum e x 0.738) x 0.9937] + 1000} + {[(leg 
m uscle volum e x 0.194) x 1.34) + 1000]}. Conversion units include: 0.738 = the 
proportion  of w ater in muscle, 0.9937 = the density of w ater at 37°C, 0.194 = the 
proportion  of protein  in muscle, and  1.34 = the  density of protein. Right and  left 
arm  and  leg m uscle m asses w ere respectively added  to estim ate total muscle 
m ass for the upper and  low er body limbs.
H ydrostatic w eighing, corrected for residual volum e, w as used to estimate 
total body percent fat and fat free mass. Residual volum e w as m easured at least 
three tim es w ith  a subject in a seated position using the helium  dilution 
technique (Collins M odular Lung Analyzer, Greensboro, NC). Subjects
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perform ed repeated underw ater w eight trials until three values w ithin  100 gram s 
w ere obtained. Body density w as converted to percent body fat using the age 
and  gender specific form ulas of Lohm an (24).
Arm and leg exercise testing
Each subject w as instructed to refrain from  eating or ingesting caffeine, 
nicotine and  alcohol 4 hours before exercise trials and to  refrain from exercise 12 
hours p rio r to the testing. All subjects, on separate occasions w ithin fourteen 
days, com pleted continuous, graded AC and LC tests to detect Tvent and peak 
VO2. AC exercise w as perform ed using a Henley Uppercycle ergom eter (Model 
UPP0007; H enley healthcare, H ouston, TX). The subjects sat on a w ooden chair 
w ith  a back support board  w ith  the shoulders strapped to avoid the involvem ent 
of the trunk. The axis of the arm  crank w as adjusted to shoulder level (29). All 
subjects com pleted a five-m inute w arm -up prior to testing. The AC testing 
protocol began  at 20 w atts w ith  pow er ou tpu t (PO) increases of 5 w atts every 
m inute un til volitional exhaustion. The criteria for VOg peak included m eeting 2 
of 3 criteria: p lateau in  VO2, an RER a 1.1, and  volitional exhaustion.
The LC exercise test w as perform ed using a w eighted M onark cycle 
ergom eter (M odel 824E). The LC testing protocol began w ith three 1-m inute 
steady-state stages sequentially at pow er ou tpu ts of 49 w atts, 74 w atts, and 97 
w atts. Im m ediately after the th ird  stage, the pow er ou tpu t w as increased 18 
w atts every m inute until volitional exhaustion. A constant cadence of 50 rpm  
w as used  du rin g  all AC and  LC exercise tests.
Subsequent AC and  LC exercise trials at intensities relative to Tvent were 
random ly scheduled, using the sam e ergom eters, on separate days. For each
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exercise m ode, all subjects perform ed 3 m in m onitored rest, 3 m in unloaded 
exercise, 3 m in w arm -up exercise at 20 w atts for AC and 49 w atts for LC 
follow ed by 25 m in of increm ental exercise w ith  1 m inute stages at the POs 
associated w ith 70, 85,100, and 115% of m ode specific VOj at Tvent.
Metabolic measurements
H eart rate was m onitored using a telem etry chest strap  heart rate m onitor 
(Polar, Port W ashington, NY). Expired gases w ere collected and analyzed using 
a Parvom edics metabolic system  (Parvomedics, Inc., Salt Lake City, UT) with 
Beckman O j (OM -11) and CO^ analyzers (LB - 2; Beckman Instrum ents, Inc., 
Fullerton, CA) and heated H ans R udolph linear pneum otachom eter (Hans 
Rudolph, Inc., Kansas City, MO). P rior to each test, the metabolic system  was 
calibrated w ith  a 3L calibration syringe and medical gases of know n 
concentrations (15.2%02, 5.17%C02, Nj-balance). Metabolic data (VOj, VEstpd, 
and  RER) w ere collected eveiy 15 seconds. Steady state VO; and RER w ere used 
to calculate carbohydrate and fat oxidation (15). The RER w as a 1.0 for two 
m ales and  one female during  the 100 and  115%Tvent stage and  were rem oved 
from  the analysis for these w orkloads.
Determination o f ventilatory threshold (Tvent)
Three m ethods w ere used concurrently to determ ine Tvent in the present 
study  as follows: (I) Ventilatory equivalent m ethod (VEQ method)(31), (II) Excess 
carbon dioxide (ExCOj method)(3) and  the (III) M odified V-slope m ethod using 
15 seconds averaged data (5). These three m ethods w ere used concurrently and
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all m ethods w ere required to show  concurrent Tvent breakpoints per m ethods by 
Gaskill et al. (17).
A detailed  protocol to m aintain tight quality control over determ ination of 
Tvent w as follow ed sim ilar to m ethods described by Gaskill et al. (17): Two 
investigators assessed each testing record. Each observer independently  
determ ined values for VO2 at Tvent and  tim e w hen Tvent w as achieved (Tvent 
time) using  each of the above three visual m ethods. The occurrence times at 
Tvent/ determ ined by the tw o independent investigators, w ere then com pared.
If either evaluator had  rejected the data, then the data w ere rejected for that test 
and  the subject w as re-tested. If the independently  determ ined times at Tvent 
w ere w ith in  the sam e m inute then  the VOj at Tvent values and Tvent occurrence 
tim es for the tw o investigators w ere averaged.
Statistical -procedures
A n independen t S tudent's t-test w as applied to assess significant 
differences in  physical characteristics of subjects and  maxim al physiological 
responses du rin g  AC and  LC exercise. Using a series of a priori p lanned 
com parisons, a tw o-w ay (gender x intensity) analysis of variances (ANOVA) 
w ith  m ixed design (1 betw een, 1 w ithin) w as perform ed to test for significant 
differences in  dependen t variables w ith  the SuperANOVA statistical package 
(Abacus Inc, Berkeley, CA). The level of significance w as set at p<0.05. All data 
is presen ted  as m ean ± SD.
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R esults
Pht/sical characteristics o f subjects
The physical characteristics of subjects are show n in Table 1. There were 
no significant differences in  age. However, m en were significantly heavier and 
taller w ith  a greater fat free mass, arm  and  leg m uscle mass. Percent body fat 
w as significantly greater in  w om en com pared to men. There w ere no significant 
differences across gender w hen Tvent w as expressed as a percentage of VOg peak 
(VO2 a t T ven t/V O 2 peak) du ring  AC exercise or during  LC exercise.
Maximal physiological responses
The m axim al physiological responses during  AC and LC exercise are 
presented  in  Table 2. The PO (W), VO2 (l»miri^ and ml*kg BM'^*miri^>, VE 
(l*min ̂ ), and HR (beats*miri^) w ere significantly higher in m en com pared to 
w om en du ring  AC and  LC exercise, w hereas m axim al RER was not significantly 
different across gender. W hen PO w as expressed relative to total body mass 
(W*kg BM^), m en w ere significantly higher during  AC exercise, w hereas there 
w as no significant difference across gender during  LC exercise. There w as no 
significant gender difference in PO relative to fat free m ass during  either AC or 
LC exercise. W hen VO2 w as expressed relative to fat free mass 
(ml*kg FFM'^*miri^), there w as no significant difference across gender during  AC 
and  LC exercise.
Physiological responses during the Jour stage submaximal exercise trials
The physiological responses during  the extended AC and LC exercise
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trials are prov ided  in Table 3. The PO (W), VO2 (l*min ̂  and m l"kg BM'^*min )̂, 
and  VE (l*min )̂ w ere significantly higher in m en com pared to w om en at each 
stage (70, 85,100, and  115%Tvent) during  both  AC and LC exercise. In addition, 
H R (beats*min'^) w as significantly higher in  m en com pared to w om en at each 
stage du ring  AC, w hereas there w as no significant gender difference in HR at 70, 
85, and  100%Tvent during  LC exercise. A t 115%Tvent LC, HR w as significantly 
h igher in  m en com pared to wom en.
Substrate oxidation
Substrate oxidation du ring  the extended subm axim al AC and LC exercise 
trials are described in Table 4. W hen energy expenditure during  AC and  LC 
exercise w as expressed either relative to body mass (kcabkg BM^*min^), and fat 
free m ass (kcal'kg  FFM'^*min'^), energy expenditure w as higher in m en at each 
stage. The RER, percent carbohydrate oxidation and  total energy expenditure 
(kcal*min w ere significantly higher in m en while percent fat oxidation was 
significantly h igher in w om en at each stage during  AC and LC exercise.
D uring  AC, w hen  carbohydrate and  fat oxidation w ere expressed relative 
to total body m ass (kcal CHO*kg BM'^*min'^ and kcal FAT«kg BM^*min ̂ ), 
carbohydrate oxidation w as significantly higher in m en at every stage 
(Figure 1-A), w hereas fat oxidation w as significantly h igher in w om en at 100 and 
115%Tvent (Figure 1-A). There w ere no significant differences during  AC 
across gender for fat oxidation at 70 and  85%Tvent (Figure 1-A).
D uring  LC, carbohydrate oxidation w as significantly higher in m en at 
each stage (Figure 1-B), w hereas fat oxidation w as significantly higher in  w om en
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at 85 and  100%Tvent. There w ere no significant differences in fat oxidation 
du rin g  LC betw een m en and  w om en at 70 and 115%Tvent (Figure 1-B).
D uring  AC, w hen  carbohydrate and fat oxidation w ere expressed relative 
to fat free m ass (kcal CHO*kg FFM^*min^ and kcal FAT*kg FFM ^*min^), 
carbohydrate oxidation w as significantly h igher in m en at each stage 
(Figure 2 -A), w hereas fat oxidation w as significantly higher in  w om en at each 
stage (Figure 2-A).
D uring  LC, carbohydrate oxidation w as significantly higher in  m en at 
each stage (Figure 2-B), w hereas fat oxidation w as significantly higher in wom en 
at 85,100, and  115%Tvent (Figure 2-B). There w as no significant difference 
du ring  LC across gender at 70%Tvent (Figure 2-B).
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Table 1. Physical characteristics of subjects (mean ± SD)
Characteristic M en (n = 12) W om en (n = 10)
Age (yr) 24.7 ± 6.0 23.4 ± 3.4
H eight (cm) 178.2 ± 7.8* 166.0 ± 7.1
Body m ass (kg) 73.0 ± 12.0* 62.5 ± 6.2
Body fat (%) 13.3 ±5.3* 21.5 ±4.8
Fat free m ass (kg) 63.0 ±8.4* 48.9 ± 4.4
A rm  m uscle m ass (kg) 4.5 ±0.9* 2.7 ± 0.4
Leg m uscle mass (kg) 15.4 ±2.4* 11.6 ±1.2
%V02 peak  at Tvent in  A C t 46.1 ± 7.5 49.1 ± 10.3
%VOz peak at Tvent in  L C t 54.9 ±6.7 54.7 ± 8.2
AC = A rm  cranking exercise; LC = Leg cycling exercise 
t  % VO2 peak  at Tvent = V O 2 at T ven t/ VO2 peak
* Significant gender difference (p <0.05).
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AC LC
Variable Men Women Men Women
Power output (W) 95.4 ± 10.1* 70.5 ± 6 .9 321.8 ± 38.6* 259.8 ± 34.4
Power output (W«kg BM 0 1.32 ±0.15* 1.14 ±0.17 4.48 ±0.67 4.19 ± 0.68
Power output (W »kg FFM '*) 1.53 ± 0.17 1.45 ± 0.17 5.17 ± 0.77 5.35 ± 0.86
VO 2  (l»min 2.41 ±0.39* 1.59 ± 0.36 4.25 ± 0.68* 3.06 ± 0.40
VO 2  (ml*kg BM 33.4 ±5.0* 25.9 ± 7.3 58.6 ± 7.3* 49.1 ± 6.1
VO 2  (ml*kg F F M •m in '^ ) 38.6 ± 5 .7 32.7 ± 7.8 67.8 ±9 .4 62.4 ± 6.1
VEctpd (l*nnin '̂ ) 67.95 ± 10.01* 42.39 ± 9.45 116.14 ± 16.66* 79.03 ± 13.44
HR (beats•m in '̂ ) 163.8 ± 8.2* 144.6 ± 15.2 183.6 ± 3.5* 176.5 ± 8.1
RER 1.12 ± 0.03 1.10 ±0 .7 1.13 ± 0.03 1.12 ± 0.06
Values are means ± SD. AC = arm cranking; LC = leg cycling; W = watts; BM = 
FFM = fat free mass; * Significant gender difference within m ode (p <  0.05).
body mass;
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70%Tvent 85%Tvent 100%Tvent 115%Tvent
Variable Men Women Men Women Men Women Men Women
AC
Power output (W) 36.7 ±8.6* 26.0 ±5.2 43.8 ±9.8* 31.5 ±4.7 50.4 ±9.6* 36.5 ±4.7 57.9 ±11.6* 41.5 ±4.7
VO%(l*min') 0.81 ± 0.18* 0.57 ±0.12 0.99 ±0.24* 0.65 ±0.12 1.13 ±0.27* 0.81 ±0.12 1.30 ±0.35* 0.94 ±0.10
VOj (ml*kg**min ') 11.2 ±2.1* 9.2 ±2.2 13.6 ±2.6* 10.5 ±2.2 15.5 ±3.0* 13.0 + 2.1 17.9 ±3.8* 15.2 ±2.3
HR (beats* min ’) 92.8 ±9.1* 82.3 ±15.8 100.3 ±9.1* 91.4 ±15.2 106.4 ±9.9* 99.1 ± 15.7 115.6 ±12.0* 110.2 ±18.8
VEïtpd (l*min’) 18.07 ±2.99* 12.76 ±2.08 22.04 ±4.81* 14.88 ±1.95 24.99 ±5.22* 18.21 ±2.67 29.64 ±7.20* 21.34 ±1.98
LC
Power output (W) 101.0 ±275* 73.3 ±12.4 125.9 ±33.7* 88.9 ±15.5 147.1 ±37.4* 103.8 ±17.2 172.1 ±33.8* 120.6 ± 18.9
V02(l*min') 1.73 ±0.43* 1.26 ±0.18 2.09 ±0.54* 1.47 ±0.25 2.41 ±0.65* 1.69 ±0.31 2.76 ±0.69* 1.92 ±0.31
VO2 (ml*kg'*min*) 23.7 ±4.4* 20.4 ±3.7 28.7 ±5.6* 23.8 ±4.8 33.0 ±6.8* 27.3 ±5.9 38.0 ±7.1* 31.1 ±6.0
HR (beats*min ') 109.7 ±13.5 108.2 ±10.2 121.5 ±13.3 118.9 ±12.4 132.0 ±14.4 129.0 ±13.0 144.9 ±13.4* 140.7 ±14.6
VEsTPD(l*min‘) 31.34 ±7.90* 22.95 ±2.77 38.62 ± 10.87* 27.00 ±3.85 45.56 ±14.77* 31.07 ±5.09 55.15 ±17.74* 36.27 ±5.95




































Table 4. Substrate oxidation during the four stage submaximal exercise trials
70%Tvent 85%Tvent 100%Tvent 115%Tvent
Variable Men Women Men Women Men Women Men Women
AC
RER 0.8910.03* 0.8510.02 0.92 1 0.03* 0.8810.03 0.9410.02* 0.9010.04 0.96 1 0.02* 0.9110.03
%CHO 64.6110.8* 52.118.2 73.919.1* 60.0110.1 79.617.0* 66.3112.9 88.017.5* 71.2110.2
%FAT 35.4110.8* 47.918.2 26.219.1* 40.0110.1 20.517.0* 33.7112.9 12.017.5* 28.8110.2
kcal* min ‘ 3.954 1 0.882* 2.72910552 4.83411.196* 3.13910.555 5.53911.337* 4.02010.529 6.35911.770* 4.63010.507
kcal*kg BM ’*min ' 0.05310.011* 0.045 ±0.010 0.066 1 0.013* 0.05110.011 0.07510.014* 0.063 1 0.011 0.089 1 0.019* 0.073 ±0.011
kcal*kg FFM'*min* 0.063 1 0.011* 0.056 1 0.010 0.077 1 0.015* 0.064 1 0.010 0.088 1 0.017* 0.08010.009 0.10210.023* 0.09310.009
LC
RER 0.88 1 0.04* 0.85 ±0.03 0.9110.03* 0.87 ±0.03 0.9210.03* 0.8910.03 0.93 1 0.03* 0.9010.03
%CHO 62.1112.1* 52.7110.3 70.6111.3* 58.119.3 73.8111.0* 63.219.4 76.918.6* 68.9110.2
%FAT 37.9112.1* 47.3110.3 29.5111.3* 41.919.3 26.2111.0* 36.819.4 23.118.6* 31.1110.2
kcal* min' 8.38112.080* 6.07410.866 10.215 1 2.624* 7.11411.180 12.015 1 3.252* 8.19711.466 14.076 1 3503* 9.38411.519
kcal* kg BM'*min' 0.116 1 0.022* 0.09910.017 0.140 1 0.026* 0.11510.022 0.163 1 0.036* 0.134 1 0.026 0.188 1 0.038* 0.15210.030
kcal* kg FFM'*min' 0.134 1 0.026* 0.12510.021 0.162 1 0.035* 0.14710.028 0.19010.043* 0.169 1 0.034 0.22110.047* 0.193 1 0.035
Values are means ± SD. * 
FFM = fat free mass
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Figure 1. Carbohydrate (kcal CHO*kg BM and fat (kcal FAT*kg BM •min'^)
oxidation contributed to energy expenditure (A) during incremental arm cranking;
AC {n=12 men and 10 women at 70 and 85%Tvent, n=12 men and 9 wom en at 100%Tvent, 
and n = ll  men and 9 women at 115%Tvent) and (B) during leg cycling; LC {n=12 men and 
10 wom en at 70 and 85%Tvent, n = ll  men and 10 wom en at 100%Tvent, and n=10 men 
and 10 wom en at 115%Tvent} at mode specific Tvent when expressed relative to body 
mass. *pc0.05 across gender in carbohydrate oxidation; t  p<d).05 across gender in fat 
oxidation. Each value represents mean ± SD.
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Figure 2. Carbohydrate (kcal CHO*kg FFM •min*^) and fat (kcal FAT»kg FFM ' *mih" ) 
oxidation contributed to energy expenditure (A) during incremental arm cranking;
AC {n=12 men and 10 women at 70 and 85%Tvent, n=12 men and 9 women at 100%Tvent, 
and n = ll  men and 9 women at 115%Tvent} and (B) during leg cycling; LC {n=12 men and 
10 wom en at 70 and 85%Tvent, n = ll men and 10 women at 100%Tvent, and n=10 men 
and 10 women at 115%Tvent) at m ode specific Tvent when expressed relative to fat 
free mass. *p<0.05 across gender in carbohydrate oxidation; t  p-cO.05 across gender in 
fat oxidation. Each value represents mean ± SD.




O ur data  dem onstrated significant differences in m axim al physiological 
responses across gender during  AC and LC exercise. Those gender differences 
w ere consistent w hen m axim al physiological responses w ere expressed in 
absolute values. Peak PO (W) and  VOg (l*min during  AC and  LC were higher 
in  m en com pared to w om en (Table 2). This is sim ilar to previous studies 
(6, 7,14, 36, 37). These investigations indicate that gender differences in  peak PO 
and VO; m ay be partly  explained by the differences in total body mass and body 
com position. Therefore, to reduce the discrepancy in size across gender, several 
investigators have expressed values relative to fat free m ass a n d / or limb volum e 
(36, 37). In the present study, we have also norm alized the differences across 
gender by using  fat free mass.
W hen PO w as expressed relative to fat free mass, there w ere no significant 
gender differences du ring  AC and LC exercise (Table 2). The calculated Ümb 
m uscle m ass for the arm s and legs w ere significantly low er in  the females 
(Table 1). Falkel et al. (14) have reported that the relatively sm aller muscle mass 
tha t w om en involve during  AC and LC exercise probably results in a lim itation 
of peak  oxygen up take via peripheral circulatory factors as opposed to central 
circulatory factors. These m ay suggest that during  sim ilar intensities of 
subm axim al exercise related to Tvent w om en are required to w ork at a higher 
percentage of m axim al force production  during  AC exercise com pared to men.
W hen peak VO; w as expressed relative to fat free m ass 
(m l'k g  FFM *min^), there w ere no significant differences across gender during 
AC and  LC exercise (Table 2). A ccording to W ashburn and  Seals (37), there are
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no gender differences in the ability of skeletal m uscle to utilize O2 du ring  AC and 
LC exercise. Furtherm ore, these finding indicate that differences observed in 
peak VO2 betw een m en and  w om en are largely a function of the size of the active 
m uscle m ass or the ability to supply  Og centrally. Thus, our findings and 
previous investigation suggest that the differences in  peak PO and VO2 across 
gender d u rin g  AC and  LC exercise are related to differences in  bo th  the absolute 
am ount an d  recruitm ent of active m uscle mass.
Substrate oxidation
The prim ary purpose of this study w as to determ ine the variations in 
w hole body substrate oxidation across gender during  increm ental AC and LC 
exercise at 70, 85,100, and 115% of m ode specific Tvent. It has been suggested 
that exercise at the sam e intensity relative to VOj peak for the exercise test may 
represent a sim ilar m etabolic challenge for m en and w om en in contrast to 
exercise at the same absolute intensity (22). To our know ledge, m ode specific 
Tvent has not previously been evaluated as a m ethod to norm alize the exercise 
intensity w hen  com paring AC and LC exercise across gender. Thus, previous 
findings relative to VOj peak  are som etim es inconsistent as it has been show n 
that ind iv iduals w ith sim ilar VO2 peak  values do  not always have the same Tlact 
a n d /o r  Tvent (2 ,11 ,12 ,13 , 23,26).
It has been show n that it is im portant to establish the basis on w hich the 
com parison will be m ade in  o rder to com pare the m etabolic response to exercise 
across gender (33). In the present study, a percentage of VOg peak at Tvent (VO2 
at T v en t/V O 2 peak) du ring  both  AC and  LC exercise across gender was sim ilar
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(Table 1). Thus, we could m atch the groups during  AC and LC exercise.
In the present study, the relative contribution of carbohydrate oxidation to 
energy expenditure w as low er in w om en com pared to m en during  AC and LC 
exercise w hen  energy expenditure was expressed relative to body mass 
(kcal CHO*kg BM‘̂ *min’̂ )(Figure 1-A and  1-B) and  fat free mass 
(kcal CHO*kg FFM ̂ *min )(Figure 2-A and 2-B). It has been show n that wom en 
have a low er RER during  endurance exercise com pared to m en (16, 22, 32, 34,
35). Consequently, it has been reported  that the females m ay be less dependent 
on carbohydrate oxidation and that this m ay be associated w ith  circulating levels 
of 17-p estradiol and progesterone (28, 32, 34, 35). These studies aU used only 
low er body exercise such as treadm ill o r leg cycling w hich involve a larger active 
muscle m ass than  AC exercise. In the present study, both AC and LC were used 
to determ ine the variations in  substrate oxidation across gender. The present 
study  dem onstrated  this decreased dependency on total carbohydrate in wom en 
expressed relative to body m ass (kcal CHO*kg BM *min )̂ and  fat free mass 
(kcal CHO*kg FFM'^*min'^) during  AC as well as LC exercise.
In the present study, glucose kinetics during  AC and  LC exercise were not 
m easured. H ow ever, it has been show n that p lasm a glucose utilization during 
exercise appears to be influenced by the m ode of exercise as well as the intensity 
and  d u ra tion  of exercise (10). A hlborg et al. (1) have reported  that AC m ay result 
in  a greater dependence on plasm a glucose as an  energy source com pared to LC 
exercise. A ccording to Gollnick et al. (18), m uscle glycogen concentration 
(mM  Glucose unit*kg )̂ is sim ilar in the arm  and leg m uscles of untrained  male 
subjects, and  the respiratory capacity of skeletal m uscle tends to  be low er in  the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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arm s since the arm s are used less in daily activities com pared to the legs. As a 
result, low er skeletal m uscle respiratory capacity in AC m ay result in a greater 
utilization of carbohydrate (10) and glucose derived from  gluconeogenesis 
com pared to  LC (1). Extrapolating the p rio r study to females, our results m ay 
indicate tha t both  m en and  w om en are w orking at a h igher percentage of 
m axim al force production  during  AC exercise com pared to LC exercise due to a 
sm all am ount of active m uscle m ass in  the arms.
W hen energy expenditure w as expressed relative to total body mass 
(kcal FAT*kg BM ^'m in )̂, there w ere no significant difference across gender for 
fat oxidation at 70 and 115%Tvent during  LC (Figure 1-B), w hile w om en 
oxidized higher rate of fat at 100 and  115%Tvent during  AC exercise 
(Figure 1-A). A lthough lipolytic responses m ay be related to horm onal response 
(4) and  catecholam ine (25), Burguera et al. (9) have concluded that the leg 
adipose tissue lipolytic response to exercise is sim ilar for m en and w om en 
m atched in  age and  fitness, and  exercise level. In the present study, w hen 
expressed as a percentage of total energy expenditure, the females dem onstrated 
a consistent trend  tow ards greater fat use.
Consequently, w om en show ed a h igher rate of relative fat oxidation to the 
energy expenditure com pared to m en during  AC and  LC exercise w hen energy 
expenditures w ere expressed relative to body m ass (kcal FAT* kg BM *min ) 
(Figure 1-A) and  fat free m ass (kcal FAT*kg FFM *min )̂ (Figure 2-A and 2-B). 
The m ost p ronounced finding in the present study  was tha t there w as a tendency 
for w om en to m aintain  a higher rate of fat oxidation com pared to m en during  
both  AC and  LC exercise at all intensities of exercise. A lthough our findings may 
confirm  previous results of low er relative carbohydrate and  higher fat oxidation
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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in  w om en com pared to m en (8 ,27,32, 34, 35), our data dem onstrate that this 
gender difference in fat oxidation is retained during  increm ental AC exercise 
involving the considerably sm aller and probably less trained m uscle mass of the 
arm s vs. legs. This gender difference m ay also be related to gender specific 
horm onal m ilieu.
C onclusions
O ur findings indicate tha t w hen substrate utilization is expressed relative 
to fat free m ass, w om en appear to m aintain a higher rate of fat and low er rate of 
carbohydrate oxidation com pared to  m en during  both  increm ental AC and LC 
exercise relative to Tvent. In addition, this gender difference in fat oxidation is 
larger du ring  increm ental AC com pared to LC exercise.
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Chapter Five: Discussion and Conclusions
I) T he m ale s tu d y
Substrate utilization during arm and leg exercise relative to the ventilatory 
threshold in men
T he research design em ployed in  the present study enabled comparisons 
of substrate u tilization during  AC and LC exercise at the m ode specific Tvent. 
Some investigators have show n that AC exercise elicits a higher HR, blood 
pressure, pu lm onary  ventilation, and blood lactate response com pared to LC 
exercise at the sam e absolute VOj (Astrand et al., 1968; H ooker et al., 1990; Miles 
et al., 1983; P im entai et al., 1984; Sawka et al., 1982). The present data also 
dem onstrates a higher HR and  pulm onary ventilation during  LC exercise relative 
to the Tvent. H ow ever, sim ilar V Ojpeak values do not necessarily indicate a 
sirnilarity in Tlact a n d /o r  Tvent across aU subjects. Therefore, the subsequent 
substrate utilization during  exercise expressed relative to VOjpeak wiU differ 
(Coggan et al., 1992).
H ooker et al. (1990) suggested that the m agnitude of carbohydrate and fat 
utilization by exercising muscle are m ore dependent on the relative exercise 
intensity th an  the am ount of active m uscle mass. O ther studies have show n that 
substrate utilization is directly related to the relative exercise intensity (Saltin & 
Karlsson, 1971; W ahren et al., 1971). In the present study, carbohydrate and fat 
oxidation w ere sim ilar during  AC and  LC exercise at 70%Tvent even w hen the 
total active m uscle m ass w as low er during  AC exercise. O ur findings indicate 
that there is a m ore pronounced increase in  carbohydrate oxidation and a low er
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fat oxidation in  the arm s w hen the exercise intensity increases from  70% to 
90%Tvent. A hlborg and Jensen-Urstad (1991) reported that AC exercise induces 
an  increase in  m uscle glycogen use com pared to LC at the sam e percentage of 
VOspeak, thus resulting in  a higher net lactate release from  the exercising muscle 
(Ahlborg & Jensen-Urstad, 1991). AC exercise also appears to result in a greater 
proportion  of glucose production derived from  gluconeogenesis (Ahlborg et al., 
1986). It is difficult to isolate the effects of active muscle m ass on substrate 
utilization as m any muscles are involved during  arm  and  leg ergometry. 
H ow ever, in  the present study, arm  and leg muscle volum es w ere estim ated 
using anthropom etric m easurem ents to determ ine effects of lim b muscle m ass on 
substrate utilization. Shephard et al. (1988) has reported tha t although the 
anthropom etric data  provide a good estim ate of Ümb m uscularity, such 
calculations cannot indicate how  large a proportion  of the üm b m uscles is active 
du ring  any given m ode of exercise. O ur findings suggest tha t w hen energy 
expenditure is expressed in term s of limb muscle m ass 
(kcal'kg  lim b m uscle m ass‘d•min'^), energy expenditure during  AC is higher 
com pared to  LC exercise. This m ay in  p art be explained by the recruitm ent of a 
h igher percentage of total Ümb m uscle mass during  AC versus LC exercise at 
exercise near the m ode specific Tvent.
It has been show n that GE reflects a ratio of external w ork accom plished 
to the energy expended for external w ork, resting m etabolism , and unm easured 
w ork, such as un loaded  exercise, torso stabilization, isom etric contraction, or 
in ternal o rgan  activity above resting m etaboüsm  (Kang et al., 1997; Sawka, 1986). 
In the presen t study, GE w as significantly low er during  AC com pared to LC. GE 
is related  to muscle fiber com position of the exercising m usculature (Coyle et al..
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1992). Previous research has suggested a greater percentage of fast tw itch fibers 
in  the u p p er com pared to low er body m usculature (Gollnick et al., 1972). 
Therefore, the com paratively low er GE during  AC in the present study may 
dem onstrate a greater participation and recruitm ent of fast-tw itch muscle fibers 
during  AC com pared to LC exercise relative to the Tvent.
P lasm a glucose, muscle glycogen and lactate concentrations w ere not 
m easured in  the present study. H ow ever, one explanation for the higher 
carbohydrate oxidation during  AC m ight be that the respiratory capacity of 
skeletal m uscle tends to be low er in  the arm s since the arm s are used less in 
everyday activities com pared to the legs (Coggan, 1991; Gollnick et al., 1972). In 
addition, ano ther explanation m ay be differences in fiber com position of the 
active m uscle m ass du ring  AC and LC exercise as described above (Ahlborg & 
Jensen-U rstad, 1991). Coggan reports that plasm a glucose utilization during 
exercise appears to be influenced by the m ode of exercise (Coggan, 1991). 
A hlborg et al. (1986) suggests that this m ay result in a greater dependence on 
p lasm a glucose and /  or m uscle glycogen during  AC exercise com pared to LC 
exercise at a sim ilar absolute VOg. This difference in  carbohydrate utilization 
may not be due to differences in  the availability of muscle glycogen as total 
m uscle glycogen concentration (mM Glucose units*kg'^) is sim ilar in the arm  and 
leg m uscles of untrained  subjects (Gollnick et al., 1972). A greater utilization of 
carbohydrate by the arm s com pared to the legs m ay be d u e  to a low er skeletal 
m uscle respiratory  capacity. Glucose uptake by a given m uscle group is 
inversely related to the total am ount of muscle tha t is exercising (Coggan, 1991; 
Richter et al., 1988). Therefore, the greater dependence on  carbohydrate during
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AC exercise m ay sim ply be a function of a relatively small active muscle mass 
w orking a t a higher percentage of maximal force production.
C onclusions
O ur findings indicate that substrate use during  AC exercise is sim ilar to 
LC exercise a t 70%Tvent even w hen the total active muscle m ass and  GE are 
lower. H ow ever, as the exercise intensity approaches Tvent (90%), the smaller 
arm  m usculature becom es m ore dependent on carbohydrate utilization 
com pared to the legs.
II) T he g en d er com parative study
Gender differences in substrate utilization during incremental arm and leg 
exercise relative to the ventilatory threshold
Maximal physiological responses
O ur data  dem onstrated  significant differences in m axim al physiological
responses across gender during  AC and  LC exercise. Those gender differences
w ere consistent w hen m axim al physiological responses w ere expressed in
absolute values. Peak PO (W) and  VOg (l*min'^> during  AC and  LC were higher
in  m en com pared to w om en (Table 2). This is sim ilar to previous studies
(Bhambhani, 1995; Bham bhani et al., 1998; Falkel et al., 1986; W arren et al., 1990;
W ashbum  &Seals, 1984). These investigations indicate tha t gender differences in
peak  PO  and  VOj m ay be partly  explained by the differences in  total body mass
and  body  com position. Therefore, to reduce the discrepancy in size across
gender, several investigators have expressed values relative to fat free m ass
an d  /  or lim b volum e (W ashburn & Seals, 1984; W arren et al., 1990). In the
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present study , w e have also norm alized the differences across gender by using 
fat free m ass.
W hen PO w as expressed relative to fat free mass, there w ere no significant 
gender differences during  AC and LC exercise (Table 2). The calculated hm b 
m uscle m ass for the arm s and  legs w ere significantly low er in the females 
(Table 1). Falkel et al. (1986) have reported that the relatively sm aller muscle 
m ass tha t w om en involve during  AC and LC exercise probably results in a 
lim itation of peak  oxygen uptake via peripheral circulatory factors as opposed to 
central circulatory factors. These m ay suggest that during  sim ilar intensities of 
subm axim al exercise related to Tvent w om en are required to w ork at a higher 
percentage of m axim al force p roduction  during  AC exercise com pared to men.
W hen peak  VOg w as expressed relative to fat free mass 
(ml*kg FFM *min^), there w ere no significant differences across gender during 
AC and  LC exercise (Table 2). According to W ashbum  and  Seals (1984), there are 
no gender differences in  the ability of skeletal muscle to utilize Og during  AC and 
LC exercise. Furtherm ore, these finding indicate that differences observed in 
peak  VO2 betw een m en and  w om en are largely a function of the size of the active 
m uscle m ass or the ability to supply  O 2 centrally. Thus, o u r findings and 
previous investigation suggest that the differences in  peak PO and  VO2 across 
gender du ring  AC and  LC exercise are related to differences in  both  the absolute 
am ount an d  recruitm ent of active m uscle mass.
Substrate oxidation
The prim ary purpose of this study w as to determ ine the variations in 
w hole body  substrate oxidation across gender du ring  increm ental AC and LC
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exercise at 70,85,100, and 115% of m ode specific Tvent. It has been suggested 
tha t exercise at the same intensity relative to VOg peak for the exercise test may 
represen t a sim ilar metabolic challenge for m en and w om en in contrast to 
exercise a t the sam e absolute intensity (Horton et al., 1998). To our knowledge, 
m ode specific Tvent has not previously been evaluated as a m ethod to norm alize 
the exercise intensity w hen  com paring AC and LC exercise across gender. Thus, 
p revious findings relative to VO; peak are sometim es inconsistent as it has been 
show n that indiv iduals w ith  sim ilar VO; peak values do not alw ays have the 
same Tlact a n d /o r  Tvent (Allen et al., 1985; Coggan et al., 1992; Coyle et al., 1988; 
Coyle et al., 1983; Ivy et al., 1980; N agel et al., 1970).
It has been show n that it is im portant to establish the basis on  w hich the 
com parison w ill be m ade in  order to com pare the metabolic response to exercise 
across gender (Tam opolsky, 2000). In the present study, a percentage of 
VO; peak  a t Tvent (VO; at T ven t/V O ; peak) during  both AC and LC exercise 
across gender w as sim ilar (Table 1). Thus, we could m atch the groups during 
AC and  LC exercise.
In the present study, the relative contribution of carbohydrate oxidation to 
energy expenditure w as low er in  w om en com pared to m en during  AC and  LC 
exercise w hen  energy expenditure w as expressed relative to body mass 
(kcal CHO»kg BM *min^)(Figure 1-A and 1-B) and fat free m ass 
(kcal CHO»kg FFM‘̂ *min‘̂ )(Figure 2-A an d  2-B). It has been show n that w om en 
have a low er RER during  endurance exercise com pared to m en (Friedlander et 
al., 1998; H orton  et al., 1998; Tam opolsky et al., 1990; Tam opolsky et al., 1995, 
1997). Consequently, it has been reported that the females m ay be less
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dependen t on carbohydrate oxidation and that this may be associated w ith 
circulating levels of 17-p estradiol and  progesterone (Ruby et al., 1997; 
T am opolsky et al., 1990; Tam opolsky et al., 1995,1997). These studies all used 
only low er body exercise such as treadm ill o r leg cycling w hich involve a larger 
active m uscle m ass than  AC exercise. In the present study, both  AC and LC were 
used to determ ine the variations in substrate oxidation across gender. The 
present study  dem onstrated  this decreased dependency on total carbohydrate in 
w om en expressed relative to body m ass (kcal CHO*kg BM'^*min ’) and fat free 
mass (kcal CHO*kg FFM'^*min'^) during  AC as well as LC exercise.
In the  present study, glucose kinetics du ring  AC and  LC exercise were not 
m easured. H ow ever, it has been show n that plasm a glucose utilization during 
exercise appears to be influenced by the m ode of exercise as well as the intensity 
and  d u ra tion  of exercise (Coggan, 1991). Ahlborg et al. (1986) have reported that 
AC m ay result in a greater dependence on plasm a glucose as an  energy source 
com pared to LC exercise. According to Gollnick et al. (1972), m uscle glycogen 
concentration (mM Glucose unit*kg )̂ is sim ilar in the arm  and leg m uscles of 
un trained  m ale subjects, and  the respiratory capacity of skeletal muscle tends to 
be low er in  the arm s since the arm s are used less in  daily activities com pared to 
the legs. As a result, low er skeletal m uscle respiratory capacity in AC may result 
in  a greater u tilization of carbohydrate (Coggan, 1991) and glucose derived from 
gluconeogenesis com pared to LC (Ahlborg et al., 1986). Extrapolating the prior 
study  to females, our results m ay indicate that both m en and  w om en are 
w orking at a higher percentage of m axim al force production  du ring  AC exercise 
com pared to LC exercise d u e  to a sm all am ount of active muscle m ass in the
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arm s.
W hen energy expenditure w as expressed relative to body mass 
(kcal FAT*kg BM'^*min'^), there w ere no significant difference across gender for 
fat oxidation at 70 and 115%Tvent during  LC (Figure 1-B), w hile wom en 
oxidized higher rate of fat at 100 and 115%Tvent during  AC exercise 
(Figure 1-A). A lthough lipolytic responses may be related to horm onal response 
(A rner et al., 1990) and catecholam ine (M arker et al., 1991), Burguera et al. (2000) 
have concluded that the leg adipose tissue lipolytic response to  exercise is similar 
for m en and  w om en m atched in  age and fitness, and  exercise level. In the 
present study, w hen  expressed as a percentage of to tal energy expenditure, the 
females dem onstrated  a consistent trend  tow ards greater fat use.
Consequently, w om en show ed a h igher rate of relative fat oxidation to the 
energy expenditure com pared to m en during  AC and LC exercise w hen energy 
expenditures w ere expressed relative to body m ass (kcal FAT*kg BM *min^) 
(Figure 1-A) and fat free m ass (kcal FAT*kg FFM ^'m in  ̂ ) (Figure 2-A and 2-B). 
The m ost pronounced finding in the present study was that there w as a tendency 
for w om en to m aintain a higher rate of fat oxidation com pared to m en during 
both AC and  LC exercise at all intensities of exercise. A lthough our findings may 
confirm  previous results of low er relative carbohydrate and higher fat oxidation 
in w om en com pared to  m en (Blatchford et al., 1985; Phillips et al., 1993; 
Tam opolsky et al., 1990; Tam opolsky et al., 1995,1997), our data  dem onstrate 
that this gender difference in  fat oxidation is retained during  increm ental AC 
exercise involving the considerably sm aller and  probably less trained muscle 
m ass of the  arm s vs. legs. This gender difference m ay also be related to gender 
specific horm onal milieu.
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C onclusions
O ur findings indicate tha t w hen substrate utilization is expressed relative 
to fat free m ass, w om en appear to m aintain a higher rate of fat and  low er rate of 
carbohydrate oxidation com pared to m en during  bo th  increm ental AC and LC 
exercise relative to Tvent. In addition, this gender difference in fat oxidation is 
larger du ring  increm ental AC com pared to LC exercise.
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HUMAN PERFORMANCE LABORATORY 
Dept of Health and Human Performance 
UNIVERSITY OF MONTANA 
Missoula, Montana
SUBJECT INFORMATION AND CONSENT FORM
  ID #  _________Today's Date:_____ /  /_______ Participant
(Print Name) Month Day Year
Fyamination of effects of active muscle mass - Research
STUDY DIRECTOR(S): Nobuo Yasuda, M.Ed (406)243-1811 University of Montana
Brent Ruby, Ph.D. (406) 243-2117 University of Montana
Steven Gaskill, Ph D. (406) 243-4268 University of Montana
This consent form may contain words that are new to you If you read any words that are not 
clear to you, please ask the person who gave you this form to explain them to you.
PURPOSE OF THE RESEARCH
• You are being asked to take part in a research study to examine effects of active 
muscle mass during arm and leg exercise in men and women.
• You have been chosen since you are 18 years or older, healthy, recreationally active.
• You will perform short periods o f submaximal exercise (Arm and leg exercise).
PROCEDURES
On your first visit to the lab, between 7  and 12am; we will measure your height and 
weight and ask you to fill in an information form. You will then be asked to perform the 
following exercise tests:
1. An analysis o f  muscle size using a skinfold technique, similar to what is frequently used in 
health clubs to estimate body composition. This technique uses a caliper to measure specific 
folds o f  skin in different areas on your arm and leg. There are no health risks and no pain or 
other sensations during the test
2. Underwater weighing to estimate muscle mass and body composition.
On your second visit and third visit, we will measure either submaximal arm cranking 
measurement of ventilatory threshold ( 15 minutes) or submaximal leg cycling measurement of 
ventilatory threshold (15 minutes) randomly.
On your fourth visit and fifth v is it we will measure either submaximal arm cranking at 
70% and 90% of ventilatory threshold (20 minutes x 2) or submaximal leg cycling at 70% and 
90% of ventilatory threshold randomly (20 minutes x 2) randomly.
LOCATION AND LENGTH OF TIME REQUIRED
The study will take place at the Laboratory o f Health and Human Performance in McGill 
Hall (First Floor -  enter main doors, go straight through lobby, then enter lab via first door to the 
right.) The first session will last for approximately 1 hour and the second to the third visit should 
take only 30 minutes. Additionally, the fourth to the fifth visit should take 1 hour.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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PAYMENT
There is no payment for participation.
RISK/DISCOMFORTS
1. Mild discomfort may result during and after the exercise. These discomforts include 
shortness o f breath, tired or sore legs, nausea and possibility of vomiting.
2. Muscle soreness after the tests may occur as a result of the exercise, but should not persist.
3. Certain changes in body function take place when any person exercises. Some of these 
changes are normal and others are abnormal. Abnormal changes may occur in blood 
pressures, heart rate, heart rhythm or extreme shortness o f breath. Vary rare instances of 
heart attack have occurred, as with other moderately strenuous exercise activities. Every 
effort will be made to minimize possible problems by the preliminary evaluation and constant 
surveillance during testing. Equipment and trained personnel are available to deal with 
unusual situations should they arise. A trained CPR technician will be on hand at all times 
and the laboratory has standard emergency procedures should any potential need arise.
4. You will be informed of any new findings Üiat may affect your decision to remain in the 
study.
5. During any o f the exercise tests should symptoms, such as chest discomfort, unusual 
shortness of breath or other abnormal findings develop, the exercise physiologist conducting 
the research will terminate the test. Guidelines by the American College of Sports Medicine 
will be followed to determine when a test should be stopped.
BENEFITS OF PARTICIPATING IN THIS STUDY
1. There is no promise that you will receive any benefit from taking part in this study.
2. The information from these tests will provide you with an accurate assessment of your long­
term arm and leg power that can be compared with norms for your age and sport You will 
also receive information concern body composition that can also be compared with norms for 
your age, sex and sport. There are no other direct benefits to the participants in the study.
CONFIDENTIALITY
1. Y our records will be kept private and will not be released without your consent except as 
required by law.
2. Only the researcher and his faculty supervisor will have access to the files.
3. Your identity will be kept confidential.
4. If the results o f this study are written in a scientific journal or presented at a scientific 
meeting, your name will not be used.
5. All data, identified only by an anonymous ID #, will be stored in our laboratory.
6. Your signed consent form and information sheet will be stored in a locked office separate 
from the data.
COMPENSATION FOR INJURY
Although we believe that the risk o f taking part in this study is minimal, the following 
liability statement is required in all University o f Montana consent forms. “In the event that you 
are injured as a result o f  this research you should individually seek appropriate medical 
treatment. I f  the injury is caused by negligence o f  the University or any o f  its employees, you may 
be entitled to reimbursement pursuant to the Comprehensive State Insurance Plan established by 
the Department o f  Administration under the authority ofM.C.A., Title 2, Chapter 9. In the event 
o f  a claim fo r  such injury, further information may be obtained from  the University’s  Claim 
representative or University Legal Counsel, ”
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VOLUNTARY PARTICIPATION/WITHDRAWAL
1. You have the right to request that a test be stopped at any time.
2. Y our decision to take part in this research study is entirely voluntary.
3. You may refuse to take part in or you may withdraw from the study at any time without 
penalty or loss of benefits to which you are normally entitled.
4. You may leave the study for any reason.
You may be asked to leave the study for any o f the following reasons;
1. Failure to follow the study investigator’s instructions.
2. A serious adverse reaction which may require evaluation.
3- The study director/investigator thinks it is in the best interest of your health and welfare.
4. The study is terminated.
QUESTIONS
• You may wish to discuss this with others before you agree to take part in this study.
• If you have any questions about the research now or during the study contact: Nobuo Yasuda 
(406) 243-1811, Brent Ruby (406) 243-2117 or Steven Gaskill (406) 243-4268.
• If you have any questions regarding your rights as a research subject, you may contact the 
Chairman o f the Independent Board through the Research Office at the University o f Montana 
at 243-6670.
SUBJECT’S STATEMENT OF CONSENT
I have read the above description of this research study. I have been informed o f the risks 
and benefits involved, and all my questions have been answered to my satisfaction. Furthermore,
I have been assured that a member o f the research team will also answer any future questions I 
may have. I voluntarily agree to take part. I understand I will receive a copy of this consent 
form.
Printed (Typed) Name o f Subject
Subject’s Si gnature Date
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HUMAN PERFORMANCE LABORATORY 
Dept of Health and Human Performance 
UNIVERSITY OF MONTANA 
Missoula, Montana
SUBJECT INFORMATION AND CONSENT FORM
  ID #  _________Today’s Date; / _____/_______ Participant
(Print Name) Month Day Year
Examination of effects of active muscle mass - Research
STUDY DIRECTOR(S): Nobuo Yasuda, M.Ed. (406)243-1010 University o f Montana
Brent Ruby, Ph D (406) 243-2117 University o f Montana
Steven Gaskill, Ph D (406) 243-4268 University o f Montana
This consent form may contain words that are new to you If you read any words that are not 
clear to you, please ask the person who gave you this form to explain them to you.
PURPOSE OF THE RESEARCH
• You are being asked to take part in a research study to examine effects o f active 
muscle mass during arm and leg exercise in men and women.
• You have been chosen since you are 18 years or older, healthy, recreationally active.
• You will perform short periods o f maximal and submaximal exercise (Arm and leg 
exercise).
PROCEDURES
On your first visit to the lab, between 7 and 12am, we will measure your height and 
weight and ask you to fill in an information form. You will then be asked to perform the 
following exercise tests:
1. An analysis of muscle size using a skinfold technique, similar to what is frequently used in 
health clubs to estimate body composition. This technique uses a caliper to measure specific 
folds o f skin in different areas on your arm and leg. There are no health risks and no pain or 
other sensations during the test.
2. Underwater weighing to estimate muscle mass and body composition.
On your second visit and third visit, we will measure either maximal and submaximal arm 
cranking measurement of ventilatory threshold (15 minutes) or maximal and submaximal leg 
cycling measurement of ventilatory threshold (15 minutes), randomly.
On your fourth visit and fifth visit, we will measure either submaximal arm cranking at a 
power output associated with 70, 85, 100, 115, and 130% of arm V 0 2  at ventilatory threshold for 
5 minutes at each intensity for a total o f 25 minutes or submaximal leg cycling at a power output 
associated with 70, 85, 100, 115, and 130% of leg V 0 2  at ventilatory threshold for 5 minutes at 
each intensity for a total o f 25 minutes, randomly.
If you are a female participant, you will repeat visits four and five at a later time in your 
menstrual cycle.
LOCATION AND LENGTH OF TIME REQUIRED
The study will take place at the Laboratory o f Health and Human Performance in McGill 
Hall (First Floor — enter main doors, go straight through lobby, then enter lab via first door to the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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right.) The first session will last for approximately 1 hour and the second to the third visit should 
take only 30 minutes. Additionally, the fourth to the fifth visit should take 45 minutes.
PAYMENT
There is no payment for participation.
RISK/DISCOMFORTS
1. Mild discomfort may result during and after the exercise. These discomforts include 
shortness o f breath, tired or sore legs, nausea and possibility of vomiting.
2. Muscle soreness after the tests may occur as a result of the exercise, but should not persist.
3. Certain changes in body function take place when any person exercises. Some of these 
changes are normal and others are abnormal. Abnormal changes may occur in blood 
pressures, heart rate, heart rhythm or extreme shortness of breath. Vary rare instances of 
heart attack have occurred, as with otter moderately strenuous exercise activities. Every 
effort will be made to minimize possible problems by the preliminary evaluation and constant 
surveillance during testing. Equipment arrd trained personnel are available to deal with 
unusual situations should they arise. A trained CPR technician will be on hand at all times 
and the laboratory has standard emergency procedures should any potential need arise.
4. You will be informed of any new findings that may affect your decision to remain in the 
study.
5. During any of the exercise tests should symptoms, such as chest discomfort, unusual 
shortness of breath or other abnormal findings develop, the exercise physiologist conducting 
the research will terminate the test Guidelines by the American College o f Sports Medicine 
will be followed to determine when a test should be stopped.
BENEFITS OF PARTICIPATING IN THIS STUDY
1. There is no promise that you will receive any benefit from taking part in this study.
2. The information from these tests will provide you with an accurate assessment of your long­
term arm and leg power that can be compared with norms for your age and sport. Y ou will 
also receive information concern body composition that can also be compared with norms for 
your age, sex and sport. There are no other direct benefits to the participants in the study.
CONFIDENTIALITY
1. Your records will be kept private and will not be released without your consent except as 
required by law.
2. Only the researcher and his faculty supervisor will have access to the files.
3. Your identity will be kept confidential.
4. If the results o f this study are written in a scientific journal or presented at a scientific 
meeting, your name will not be used.
5. All data, identified only by an anonymous ID #, will be stored in our laboratory.
6. Your signed consent form and information sheet will be stored in a locked office separate 
from the data.
COMPENSATION FOR INJURY
Although we believe that the risk of taking part in this study is minimal, the following 
liability statement is required in all University o f Montana consent forms. “In the event that you 
are injured as a result o f  this research you should individually seek appropriate medical 
treatment. I f  the injury is caused by negligence o f  the University or any o f  its employees, you may 
be entitled to reimbursement pursuant to the Comprehensive State Insurance Plan established by 
the Department o f  Administration under the authority ofM .C.A., Title 2. Chapter 9. In the event
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 0 2
o f  a claim fo r  such injury, further information may be obtained from the University s Claim 
representative or University Legal Counsel, ”
VOLUNTARY PARTICIPATION/WITHDRAWAL
1. You have the right to request that a test be stopped at any time.
2. Your decision to take part in this research study is entirely voluntary.
3. You may refuse to take part in or you may withdraw from the study at any time without 
penalty or loss of benefits to which you are normally entitled.
4. You may leave the study for any reason.
You may be asked to leave the study for any o f the following reasons:
1. Failure to follow the study investigator’s instructions.
2. A serious adverse reaction which may require evaluation.
3. The study director/investigator thinks it is in the best interest of your health and welfare.
4. The study is terminated.
QUESTIONS
• You may wish to discuss this with others before you agree to take part in this study.
• If you have any questions about the research now or during the study contact: Nobuo Yasuda 
(406) 243-1010, Brent Ruby (406) 243-2117 or Steven Gaskill (406) 243-4268.
• If you have any questions regarding your rights as a research subject, you may contact the 
Chairman of the Independent Board through the Research Office at the University of Montana 
at 243-6670.
SUBJECT’S STATEMENT OF CONSENT
I have read the above description of this research study. I have been informed o f the risks 
and benefits involved, and all my questions have been answered to my satisfaction. Furthermore, 
I have been assured that a member o f the research team will also answer any future questions I 
may have. I voluntarily agree to take part I understand I will receive a copy of this consent 
form
Printed (Typed) Name of Subject
Subject’s Signature Date
SUBJECT’S STATEMENT OF CONSENT TO BE PHOTOGRAPHED DURING DATA 
COLLECTION
I provide my consent to be photographed during periods o f the data collection. I realize 
that these digital images may be used during presentation o f the data at regional and national 
meetings.
Subject’s Signature Date
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APPENDIX II
Statistical Data Sheets of the Male Study
I) A dependent Student’s t-test
II) A two-way (mode x intensity) ANOVA 
with repeated measures (2 within, 0 between)
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Paired t - te s t
H ypothesized Difference = 0  
Power output (W) - AC, Power output (W) - LG
Mean Diff. DF t-Value P-Value
-9 8 .5 0 0 9 -1 5 .6 3 8 <.0001
Paired t - te s t
H ypothesized Difference -  0
V02 (l/min) - AC, V02 (l/min) - LC
Mean Diff. DF t-Value P-Value
-.888 9 -11 .853 <.0001
Paired t - te s t
Hypothesized Difference = 0  
V02 (ml/kg/min) - AC, V02 (ml/kg/min) - LC
Mean Diff. DF t-Value P-Value
-13 .532 9 -12 .413 <.0001
Paired t - te s t
H ypothesized Difference = 0
Mean Diff. DF t-Value P-Value
VE (l/min) - AC, VE (l/min) - LC -10 .215 9 -6 .575 .0001
Paired t - te s t
H ypothesized Difference -  0  
HR { beats/m in) - AC, HR ( beats/m  in) - LC
Mean Diff. DF t-Value P-Value
-1 1 .3 0 0 9 -2 .815 .0202
Paired t - te s t
Hypothesized Difference »  0  
RER - AC. RER - LC
Mean Diff. DF t-Value P-Value
-.005 9 -.393 .7035
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1 0 5
Type III Sums o f Squares
Source df Sum of Squares Mean Square F-Value P-Value G-G H-F
Subject 9 3157 .656 350.851
mode 1 57297 .330 57297 .330 247 .958 .0001 .0001 .0001
mode * Subject 9 2079 .692 231 .077
percent VT 1 4560 .360 4560 .360 1253.143 .0001 .0001 .0001
percent VT * Su... 9 32 .752 3.639
mode * p ercen t... 1 629 .642 629 .642 185.369 .0001 .0001 .0001
mode * percen t... 9 30 .570 3.397
Dependent: Power output (Watts)
Means Table
Effect: m ode * percent VT 
Dependent: Power output (W atts)
Count Mean Std. Dev. Std. Error
arm, 70 10 25 .830 8.029 2 .539
arm, 90 10 39 .250 9.654 3.053
leg, 70 10 93 .590 13.071 4.133
leg, 90 10 122.880 16.139 5.103
Comparison 1
Effect: m ode * percent VT 
Dependent: Power output (W atts)
Cdl Weight
Comparison 2
Effect: m ode * percent VT
Dependent: Power output (W atts)
Cell Weight
arm, 70 1.000 arm, 90 1.000
leg, 70 -1 .000 leg, 90 -1 .000








22957 .088  
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1 0 6
Type III Sums of Squares
Source df Sum of Squares Mean Square F-Value P-Value G-G H-F
Subject 9 .783 .087
mode 1 5.105 5.105 186.679 .0001 .0001 .0001
mode * Subject 9 .246 .027
percent VT 1 .748 .748 542.810 .0001 .0001 .0001
percent VT * Su... 9 .012 .001
mode * percent... 1 .086 .086 87.882 .0001 .0001 .0001
mode * percent... 9 .009 .001
Dependent: V02 (l/min)
Means Table
Effect: mode * percent VT 
Dependent: V02 (l/min)
Count Mean Std. Dev. Std. Error
arm, 70 10 .716 .144 .046
arm, 90 10 .897 .165 .052
leg, 70 10 1.338 .165 .052
leg, 90 10 1.704 .204 .064
Comparison 1


















Effect: mode * percent VT
Dependent: V02 (l/min)
Cell Weight
arm, 70 1.000 arm, 90 1.000
leg, 70 -1.000 leg, 90 -1.000
df
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1 0 7
Type III Sums o f Squares
Source df Sum of Squares Mean Square F-Value P-Value G-G H-F
Subject 9 144.349 16.039
mode 1 1163.702 1163.702 180.650 .0001 .0001 .0001
mode * Subject 9 57.976 6.442
percent VT 1 174.181 174.181 578.151 .0001 .0001 .0001
percent VT * Su... 9 2.711 .301
mode * percent ... 1 19.446 19.446 46 .290 .0001 .0001 .0001
mode * percent ... 9 3.781 .420
Dependent: V 02 (ml/kg/min)
Means Table
Effect: m ode * percent VT 
Dependent: V 02  (m l/kg/m in)
Count Mean Std, Dev. Std. Error
arm, 70 10 10.697 1.852 .586
arm, 90 10 13.476 2.211 .699
leg, 70 10 20 .090 2.437 .771
leg, 90 10 25 .658 2.992 .946
Comparison 1
Effect: m ode * percent VT 
Dependent: V 02  (m l/kg/m in)
Cell Weight
Comparison 2
Effect: m ode * percent VT
Dependent: V 02  (m l/kg/m in)
Cell Weight
arm, 70 1.000 arm, 90 1.000
leg, 70 -1 .000 leg, 90 -1 .000
df
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Type III Sums o f Squares
Source
1 0 8
df Sum of Squares Mean Square F-Value P-Value G-G H-F
Subject 9 6509 .780 723 .309
mode 1 1414.910 1414.910 11.531 .0079 .0079 .0079
mode * Subject 9 1104.362 122.707
percent VT 1 1273.512 1273.512 89.077 .0001 .0001 .0001
percent VT * Su... 9 128.670 14.297
mode * percent ... 69 .432 69.432 6.871 .0277 .0277 .0277
mode * percent ... 9 90 .940 10.104
Dependent: HR (beats/min)
Means Table
Effect: m ode * percent VT 
Dependent: HR (beats/m in)
Count Mean Std. Dev. Std. Error
arm, 70 10 92 .420 17.791 5.626
arm, 90 10 101.070 17.956 5.678
leg, 70 10 101.680 8.860 2.802
leg, 90 10 115.600 12.369 3.911
Comparison 1
Effect: m ode * percent VT 
Dependent: HR (beats/m in)
Cell Weight
Comparison 2
Effect: m ode * percent VT
Dependent: HR (beats/m in)
Cell Weight
arm, 70 1.000 arm, 90 1.000
leg, 70 -1 .000 leg, 90 -1 .000
df 1 df 1
Sum of Squares 428 .738 Sum of Squares 1055.605
Mean Square 428 .738 Mean Square 1055.605
F-Value 42.431 F-Value 104.469
P-Value .0001 P-Value .0001
G-G .0001 G-G .0001
H-F .0001 H-F .0001
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1 0 9
Type III Sums of Squares
Source df Sum of Squares Mean Square F-Value P-Value H-F
Subject 9 332 .106 36.901
mode 1 648 .267 648 .267 17.382 .0024 .0024 .0024
mode * Subject 9 335.661 37.296
percent VT 1 295.773 295 .773 232 .465 .0001 .0001 .0001
percent VT * Su... 9 11.451 1.272
mode * p ercen t... 1 7.648 7.648 5.801 .0393 .0393 .0393
mode * p ercen t... 9 11.864 1.318
Dependent: VE (l/min)
Means Table
Effect: m ode * percent VT
Dependent: VE (l/m in) 
Count Mean Std. Dev. Std. Error
arm, 70 10 17.587 5.416 1.713
arm, 90 10 22.151 5.207 1.647
leg, 70 10 24 .764 2.342 .741
leg, 90 10 31 .077 3.855 1.219
Compariswi 1




Effect: mode * percent VT
Dependent: VE (l/m in)
Cell Weight
arm, 70 1.000 arm, 90 1.000
leg, 70 -1 .000 leg, 90 -1 .000
df 1 df 1
Sum of Squares 257 .547 Sum of Squares 398 .367
Mean Square 257 .547 Mean Square 398 .367
F-Value 195.369 F-Value 302.192
P-Value .0001 P-Value .0001
G-G .0001 G-G .0001
H-F .0001 H-F .0001
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1 1 0
Type III Sums of Squares
Source df Sum of Squares Mean Square F-Value P-Value G-G H-F
Subject 9 .020 .002
mode 1 4.290E-4 4.290E-4 .706 .4224 .4224 .4224
mode * Subject 9 .005 .001
percent VT 1 .022 .022 168.486 .0001 .0001 .0001
percent VT * Su... 9 .001 1.319E-4
mode * p ercen t... 1 .002 .002 26 .857 .0006 .0006 .0006
mode * p ercen t... 9 .001 7.775E-5
Dependent: RER
Means Table
Effect: m ode * percent VT
Dependent: RER
Count Mean Std. Dev. Std. Error
arm, 70 10 .862 .026 .008
arm, 90 10 .923 .032 .010
leg, 70 10 .870 .024 .008
leg, 90 10 .902 .027 .009
Comparison 1




Effect: mode * percent VT
D ^ en d en t: RER
Cell Weight
arm, 70 1.000 arm, 90 1.000
leg, 70 -1 .000 leg, 90 -1 .000
df 1 df 1
Sum of Squares 3.120E-4 Sum of Squares .002
Mean Square 3.120E-4 Mean Square .002
F-Value 4.014 F-Value 28.361
P-Value .0761 P-Value .0005
G-G .0761 G-G .0005
H-F .0761 H-F .0005
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I l l
Type III Sums o f Squares
Source df Sum of Squares Mean Square F-Value P-Value G-G H-F
Subject 9 20.881 2.320
mode 1 857 .476 857 .476 169.057 .0001 .0001 .0001
mode * Subject 9 45 .649 5.072
percent VT 1 17.424 17.424 109.585 .0001 .0001 .0001
percent VT * Su... 9 1.431 .159
mode * p ercen t... 1 7 .396 7.396 37.001 .0002 .0002 .0002
mode * p ercen t... 9 1.799 .200
Dependent: GE {%)
Means Table
Effect: m ode * percent VT
Dependent: GE (%)
Count Mean Std. Dev. Std. Error
arm, 70 10 10.370 1.630 .516
arm, 90 10 12.550 1.435 .454
leg, 70 10 20 .490 1.271 .402
leg, 90 10 20 .950 1.192 .377
Comparison 1
Effect: m ode * percent VT 
Dependent: GE (%)
Comparison 2
Effect: m ode * percent VT
Dependent: GE (%}
Cell Weight Cell Weight
arm, 70 1.000 arm, 90 1.000
leg, 70 -1 .000 leg, 90 -1 .000
df 1 df 1
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Type III Sums o f Squares
Source df Sum of Squares Mean Square F-Value P-Value G-G H-F
Subject 9 34.475 3.831
mode 1 .529 .529 1.248 .2929 -2929 .2929
mode * Subject 9 3.816 .424
percent VT 1 18.496 18.496 51.553 .0001 .0001 .0001
percent VT * Su... 9 3.229 .359
mode * p ercen t... 1 .049 .049 .165 .6937 .6937 .6937
mode * percent ... 9 2.666 .296
Dependent: RPE
Means Table
Effect: m ode * percent VT 
Dependent: RPE
Count Mean Std. Dev. Std. Error
arm, 70 10 10.770 1.356 .429
arm, 90 10 12.200 1.093 .346
leg, 70 10 11.070 1.221 .386
leg, 90 10 12.360 .620 .196
Comparison 1




Effect: mode * percent VT
Dependent: RPE
Cell Weight
arm, 70 1.000 arm, 90 1.000
leg, 70 -1 .000 leg, 90 -1 .000
df 1 df 1
Sum of Squares .450 Sum of Squares .128
Mean Square .450 Mean Square .128
F-Value 1.519 F-Vaiue .432
P-Vaiue .2490 P-Value .5274
G-G .2490 G-G .5274
H-F .2490 H-F .5274
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1 1 3
Type III Sums o f Squares
Source Mean Square F-Value P-Value G-G H-F
Subject 9 2292,241 254.693
mode 1 31.152 31.152 .692 .4271 .4271 .4271
mode * Subject 9 405 .352 45 .039
percent VT 1 2528 ,736 2528 ,736 90.428 .0001 ,0001 .0001
percent VT * Su... 9 251 .676 27 ,964
mode * p ercen t... 1 255,935 255 .935 11.017 .0090 -0090 .0090
mode * percent ... 9 209 .077 23.231
Dependent: % CHO
Means Table
Effect: m ode * percent VT 
Dependent: % CHO
Count Mean Std. Dev. Std. Error
arm, 70 10 54.483 9.542 3.018
arm, 90 10 75 .444 10.565 3.341
leg, 70 10 57 ,777 8.231 2.603
leg, 90 10 68 .620 8.971 2.837
Comparison 1




Sum of Squares 54.252  
Mean Square 54.252  
F-Value 2.335  
P-Value .1608  
G-G .1608  
H-F .1608
Comparison 2
Effect: mode * percent VT
Dependent: % CHO
Cell Weight
arm, 70 1.000 arm, 90 1.000
leg, 70 -1 .000 leg, 90 -1 .000
df
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Type 111 Sums o f Squares
Source
1 1 4
F-Value P-Value G-G H-F
Subject 9 2292.241 254 .693
mode 1 31.152 31.152 .692 .4271 .4271 .4271
mode * Subject 9 405 .352 45 .039
percent VT 1 2528 .736 2528 .736 90 .428 .0001 .0001 .0001
percent VT * Su... 9 251 .676 27.964
mode * percent ... 1 255.935 255.935 11.017 .0090 .0090 .0090
mode * p ercen t... 9 209 .077 23.231
Dependent: % FAT
Means Table
Effect: m ode * percent VT 
Dependent: % FAT
Count Mean Std. Dev. Std. Error
arm, 70 10 45 .517 9.542 3 .018
arm, 90 10 24 .556 10.565 3.341
leg, 70 10 42.223 8.231 2.603
leg, 90 10 31 .380 8.971 2.837
Comparison 1




Effect: mode * percent VT
Dependent: % FAT
Cell Weight
arm, 70 1.000 arm, 90 1.000
leg, 70 -1 .000 leg, 90 -1 .000
df 1 df 1
Sum of Squares 54.252 Sum of Squares 232.835
Mean Square 54.252 Mean Square 232.835
F-Value 2.335 F-Value 10.023
P-Value .1608 P-Value .0114
G-G .1608 G-G .0114
H-F .1608 H-F .0114
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1 1 5
Type III Sums o f Squares
Source df Sum of Squares Mean Square F-Value P-Value G-G H-F
Subject 9 18.234 2.026
mode 1 119.785 119.785 180.265 .0001 .0001 .0001
mode * Subject 9 5.980 .664
percent VT 1 19.432 19.432 549 .990 .0001 .0001 .0001
percent VT * Su... 9 .318 .035
mode * percent ... 1 1.998 1.998 76.633 .0001 .0001 .0001
mode * percent ... 9 .235 .026
Dependent: Total kcal/mln
Means Table
Effect: m ode * percent VT 
Dependent: Total kcal/min
Count Mean Std. Dev. Std. Error
arm, 70 10 3.452 .696 .220
arm, 90 10 4 .399 .813 .257
leg, 70 10 6.466 .792 .250
leg, 90 10 8.307 .990 .313
Comparison 1


















Effect: mode * percent VT
Dependent: Total kcal/min
Cell Weight
arm, 70 1.000 arm, 90 1.000
leg, 70 -1 .000 leg, 90 -1 .000
df
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Type III Sums of Squares
Source
1 1 6
df Sum of Squares Mean Square F-Value P-Value G-G H-F
Subject 9 .377 .042
mode 1 2.530 2.530 83.652 .0001 .0001 .0001
mode * Subject 9 .272 .030
percent VT 1 .237 .237 98 .634 .0001 .0001 .0001
percent VT * Su... 9 .022 .002
mode * percent ... 1 .026 .026 10.317 .0106 .0106 .0106
mode * percent ... 9 .023 .003
Dependent: kcal/kg muscle mass/min
Means Table
Effect: mode * percent VT 
Dependent: kcal/kg muscle mass/min
Count Mean Std. Dev. Std. Error
arm, 70 10 .819 .159 .050
arm, 90 10 1.024 .206 .065
leg. 70 10 .367 .060 .019
leg. 90 10 .470 .076 .024
Comparison 1
Effect: mode * percent VT 
Dependent: kcal/kg muscle mass/min
Cell Weight
Comparison 2
Effect: mode * percent VT
Dependent: kcal/kg muscle mass/min
Cell Weight
arm, 70 1.000 arm, 90 1.000
leg. 70 -1 .000 leg. 90 -1 .000
df
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1 1 7
APPENDIX III
Statistical Data Sheets of the Gender Comparative Study
I) An independent Student’s t-test
II) A two-way (gender x intensity) ANOVA 
with mixed design (1 within, 1 between)
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1 1 8
Type III Sums of Squares
Source df Sum of Squares Mean Square F-Value P-Value
Gender 1 8.752 8.752 .351 .5603





Count Mean Std. Dev. Std. Error
Men 12 24 .667 6.005 1.734
Women 10 23 .400 3.373 1.067
Type III Sums o f  Squares
Source df Sum of Squares Mean Square F-Value P-Value
Gender 1 8 0 5 .2 1 4 8 0 5 .2 1 4 14 .415 .0011





Count Mean Std. Dev. Std. Error
Men 12 1 7 8 .1 5 0 7 .7 8 4 2 .2 4 7
Women 10 1 6 6 .0 0 0 7 .076 2 .2 3 8
Type III Sums of Squares
Source df Sum of Squares Mean Square F-Value P-Value
Gender 1 6 0 7 .2 9 6 6 0 7 .2 9 6 6 .2 6 7 .0211




D ependent: Body m ass
Count Mean Std. Dev. Std. Error
Men 12 7 3 .0 4 2 12 .0 2 9 3 .4 7 2
Women 10 6 2 .4 9 0 6 .203 1 .962
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1 1 9
Type III Sums o f Squares
Source df Sum of Squares Mean Square F-Value P-Value
Gender 1 1070.440 1070.440 22.585 .0001
Residual 20 947 .938 47 .397
Dependent: Fat free mass
Means Table 
Effect: Gender 
Dependent: Fat free m ass
Count Mean Std. Dev. Std. Error
Men 12 62 .956 8.395 2.423
Women 10 48 .947 4.380 1.385
Type III Sums o f  Squares
Source df Sum of Squares Mean Square F-Value P-Value
Gender 1 3 6 3 .6 3 9 3 6 3 .6 3 9 14 .099 .0 0 1 2
Residual 20 515 .832 25 .7 9 2
Dependent: Percent body fat
Means Table 
Effect: Gender
Dependent: Percent body fat
Count Mean Std. Dev. Std. Error
Men 12 13 .325 5.291 1.527
Women 10 2 1 .4 9 0 4 .8 0 6 1.520
Type III Sums o f  Squares
Source df Sum of Squares Mean Square F-Value P-Value
Gender 1 18 .5 6 4 18 .564 3 7 .8 0 5 .0001
Residual 20 9.821 .491
Dependent: Arm muscle mass
Means Table 
Effect: Gender
Dependent: Arm m uscle m ass
Count Mean Std. Dev. Std. Error
Men 12 4.541 .868 .251
Women 10 2 .6 9 6 .412 .1 3 0
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Type III Sums o f Squares
Source df Sum of Squares Mean Square F-Value P-Value
Gender 1 8 1 .2 2 8 8 1 .2 2 8 21.161 .0002
Residual 20 76.771 3 .8 3 9
Dependent: Leg muscle mass
Means Table 
Effect: Gender
Dependent: Leg m uscle m ass
Count Mean Std. Dev. Std. Error
Men 12 1 5 .430 2 .4 0 8 .695
Women 10 11.571 1 .202 .380
Type III Sums o f Squares
Source df Sum of Squares Mean Square F-Value P-Value
Gender 1 4 9 .0 3 6 4 9 .0 3 6 .629 .4371
Residual 20 1 5 5 9 .7 7 8 7 7 .9 8 9
Dependent: %V02 peak at Tvent In AC
Means Table 
Effect: Gender
Dependent: % V02 peak at Tvent in AC
Count Mean Std. Dev. Std. Error
Men 12 4 6 .0 9 2 7 .4 6 6 2 .1 5 5
Women 10 4 9 .0 9 0 10 .256 3 .243
Type III Sum s of Squares
Source df Sum of Squares Mean Square F-Value P-Value
Gender 1 .211 .211 .004 .9 5 1 3
Residual 20 1 1 0 1 .1 5 3 5 5 .0 5 8
Dependent: %V02 peak at Tvent in LC
Means Table 
Effect: Gender
Dependent: % V02 peak at T vent in LC
Count Mean Std. Dev. Std. Error
Men 12 54 .9 1 7 6.721 1 .9 4 0
Women 10 5 4 .7 2 0 8 .1 9 4 2.591
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Type III Sums o f Squares
Source df Sum of Squares Mean Square F-Value P-Value
Gender 1 3 3 8 6 .4 0 2 3 3 8 6 .4 0 2 4 3 .8 2 5 .0001
Residual 20 1 5 4 5 .4 1 7 77.271
Dependent; Peak power output (W) - AC
Means Table 
Effect; Gender
Dependent: Peak power output (W) - AC
Count Mean Std. Dev. Std. Error
Men 12 9 5 .4 1 7 10 .1 0 4 2 .9 1 7
W<wnen 10 7 0 .5 0 0 6 .8 5 2 2 .1 6 7
Type III Sums o f Squares
Source df Sum of Squares Mean Square F-Value P-Value
Gender 1 2 0 9 8 9 .8 2 4 2 0 9 8 9 .8 2 4 15.521 .0 0 0 8
Residual 20 2 7 0 4 7 .2 6 7 1 3 5 2 .3 6 3
Dependent: Peak power output (W) - LC
Means Table 
Effect: Gender
Dependent: Peak power output (W) - LC
Count Mean Std. Dev. Std. Error
Men 12 3 2 1 .8 3 3 3 8 .5 9 8 11 .142
Women 10 2 5 9 .8 0 0 34.41 5 10 .883
Type III Sum s o f Squares
Source df Sum of Squares Mean Square F-Value P-Value
Gender 1 .1 8 4 .184 7 .3 8 6 .0133
Residual 20 .4 9 7 .025
Dependent: Peak power (XJtput (W/kg BM) - AC
Means Table 
Effect: Gender
D ependent: Peak power output (W /kg BM) - AC
Count Mean Std. Dev. Std. Error
Men 12 1 .323 .1 5 0 .043
Women 10 1 .139 .1 6 6 .053
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
122
Type III Sums o f Squares
Source df Sum of Squares Mean Square F-Value P-Value
Gender 1 .458 .4 5 8 1.017 .3 2 5 2
Residual 20 8 .996 .4 5 0
Dependent: Peak power output (W/kg BM) - LC
Means Table 
Effect: Gender
Dependent: Peak power output (W /kg BM) - LC
Count Mean Std. Dev. Std. Error
Men 12 4 .4 8 2 .666 .192
Women 10 4 .1 9 2 .677 .214
Type III Sum s o f  Squares
Source df Sum of Squares Mean Square F-Value P-Value
Gender 1 .0 3 4 .034 1 .227 .2811
Residual 20 .5 5 9 .028
Dependent: Peak power output (W/kg FFM) - AC
Means Table 
Effect: Gender
Dependent: Peak power output (W /kg FFM) - AC
Count Mean Std. Dev. Std. Error
Men 12 1 .528 .166 .0 4 8
Women 10 1 .449 .168 .053
Type III Sums o f Squares
Source df Sum of Squares Mean Square F-Value P-Value
Gender 1 .162 .162 .245 .6263
Residual 2 0 13 .2 1 9 .661
Dependent: Peak power output (W/kg FFM) - LC
Means Table 
Effect: Gender
Dependent: Peak pow er output (W /kg FFM) - LC
Count Mean Std. Dev. Std. Error
Men 12 5 .1 7 6 .773 .223
Women 10 5 .3 4 8 .8 5 9 .272
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 2 3
Type III Sums o f Squares
Source df Sum of Squares Mean Square F-Value P-Value
Gender 1 147 .907 147 .907 11 .197 .0032
Residual 20 2 6 4 .1 8 3 1 3 .2 0 9
Dependent: Peak power output (W/kg LMM) - AC
Means Table 
Effect: Gender
Dependent: Peak power output (W /kg LMM) - AC
Count Mean Std. Dev. Std. Error
Men 12 2 1 .4 3 2 2 .865 .827
Women 10 2 6 .6 3 9 4 .3 9 5 1 .390
Type III Sum s o f Squares
Source df Sum of Squares Mean Square F-Value P-Value
Gender 1 11.701 11.701 .908 .3 5 1 9
Residual 20 2 5 7 .5 9 9 12 .8 8 0
Dependent: Peak power output (W /kg LMM) - LC
Means Table 
Effect: Gender
D ependent: Peak pow er output (W /kg LMM) - LC
Count Mean Std. Dev. Std. Error
Men 12 2 1 .2 0 8 3 .4 0 0 .982
Women 10 22 .6 7 3 3 .8 0 7 1 .204
Type III Sum s o f  Squares
Source df Sum of Squares Mean Square F-Value P-Value
Gender 1 3 .6 8 9 3 .6 8 9 2 5 .9 5 2 .0001
Residual 2 0 2 .843 .142
Dependent: Peak V02 (l/m in) - AC
Means Table 
Effect: Gender
Dependent: Peak V 0 2  (l/m in ) - AC
Count Mean Std. Dev. Std. Error
Men 12 2 .413 .391 .113
Women 10 1.591 .359 .114
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1 2 4
Type III Sums o f Squares
Source df Sum of Squares Mean Square F-Value P-Value
Gender 1 7 .755 7 .7 5 5 2 3 .4 2 8 .0001
Residual 20 6 .6 2 0 .331
Dependent; Peak V 02 (l/min) - LC
Means Table 
Effect: Gender
Dependent: Peak V 02  (l/m in) - LC
Count Mean Std. Dev. Std. Error
Men 12 4 .2 4 8 .685 .1 9 8
Women 10 3 .0 5 6 .403 .127
Type III Sum s o f  Squares
Source df Sum of Squares Mean Square F-Value P-Value
Gender 1 3 0 8 .2 3 8 3 0 8 .2 3 8 8 .135 .0 0 9 8
Residual 20 7 5 7 .7 6 7 3 7 .8 8 8
Dependent: Peak V 02 (m l/kg BM/mln) - AC
Means Table 
Effect: Gender
Dependent: Peak V 0 2  (m l/kg  BM/min) - AC
Count Mean Std. Dev. Std. Error
Men 12 3 3 .3 9 8 5 .014 1 .447
Women 10 25.881 7 .312 2 .312
Type III Sum s o f  Squares
Source df Sum of Squares Mean Square F-Value P-Value
Gender 1 4 9 9 .7 2 8 4 9 9 .7 2 8 10 .855 .0 0 3 6
Residual 2 0 9 2 0 .7 7 0 4 6 .0 3 9
Dependent: Peak V 02 (m l/kg BM/min) - LC
Means Table 
Effect: Gender
D ependent: Peak V 0 2  (m l/k g  BM/min) LC
Count Mean Std. Dev. Std. Error
Men 12 58 .642 7 .3 3 8 2 .1 1 8
Women 10 4 9 .0 7 0 6.041 1 .910
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Type III Sums o f Squares
Source df Sum of Squares Mean Square F-Value P-Value
Gender 1 1 8 7 .1 5 8 1 8 7 .1 5 8 4 .1 4 5 .0 5 5 2
Residual 20 9 0 3 .0 3 8 4 5 .1 5 2
Dependent: Peak V 02 (ml/kg FFM/min) - AC
Means Table 
Effect: Gender
D ependent: Peak V 02  (m l/kg FFM/min) - AC
Count Mean Std. Dev. Std. Error
Men 12 3 8 .5 9 2 5 .699 1 .645
Women 10 3 2 .7 3 4 7 .7 8 7 2 .463
Type III Sum s o f Squares
Source df Sum of Squares Mean Square F-Value P-Value
Gender 1 1 6 0 .8 2 7 1 6 0 .8 2 7 2 .4 7 7 .1312
Residual 2 0 1 2 9 8 .7 4 6 6 4 .9 3 7
Dependent: Peak V 02  (m l/kg FFM/min) - LC
Means Table 
Effect: Gender
Dependent: Peak V 0 2  (m l/k g  FFM/min) - LC
Count Mean Std. Dev. Std. Error
Men 12 6 7 .8 5 0 9 .3 8 6 2 .7 0 9
Women 10 6 2 .4 2 0 6 .053 1.914
Type III Sum s o f  Squares
Source df Sum of Squares Mean Square F-Value P-Value
Gender 1 3 5 6 3 .5 7 5 3 5 6 3 .5 7 5 37.391 .0001
Residual 2 0 1 9 0 6 .0 9 3 9 5 .3 0 5
Dependent: Peak VE - AC
Means Table 
Effect: Gender 
Dependent: Peak VE - AC
Count Mean Std. Dev. Std. Error
Men 12 6 7 .9 5 4 10.011 2 .8 9 0
Women 10 4 2 .3 9 4 9 .4 5 0 2 .9 8 8
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1 2 6
Type III Sums o f Squares
Source df Sum of Squares Mean Square F-Value P-Value
Gender 1 7 5 1 3 .2 2 3 7 5 1 3 .2 2 3 3 2 .1 2 7 .0001
Residual 20 4 6 7 7 .2 5 3 2 3 3 .8 6 3
Dependent: Peak VE - LC
Means Table 
Effect: Gender 
Dependent: Peak VE - LC
Count Mean Std. Dev. Std. Error
Men 12 116 .1 4 2 16 .656 4 .8 0 8
Women 10 7 9 .0 2 8 13 .4 4 0 4 .2 5 0
Type III Sum s o f Squares
Source df Sum of Squares Mean Square F-Value P-Value
Gender 1 2 0 0 3 .7 8 8 2 0 0 3 .7 8 8 14 .143 .0012
Residual 20 2 8 3 3 .5 2 2 1 4 1 .6 7 6
Dependent: Peak HR - AC
Means Table 
Effect: Gender 
Dependent: Peak HR AC
Count Mean Std. Dev. Std. Error
Men 12 1 6 3 .8 1 7 8 .2 3 7 2 .3 7 8
Women 10 1 4 4 .6 5 0 1 5 .229 4 .8 1 6
Type III Sums o f Squares
Source df Sum of Squares Mean Square F-Value P-Value
Gender 1 2 7 3 .5 4 5 2 7 3 .5 4 5 7 .5 0 8 .0 1 2 6
Residual 20 7 2 8 .7 1 8 3 6 .4 3 6
Dependent: Peak HR - LC
Means Table 
Effect: Gender 
Dependent: Peak HR - LC
Count Mean Std. Dev. Std. Error
Men 12 1 8 3 .5 9 2 3 .473 1.003
Women 10 1 7 6 .5 1 0 8 .1 3 8 2 .5 7 3
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T ype III Sum s o f  Squares
Source df Sum o f Squares Mean Square F-Value P-Value
Gender | 1 .0 0 2 .0 0 2 .6 4 7 .4 3 0 7
Residual | 2 0 .061 .0 0 3
Dependent: Peak RER - AC
Means Table  
E ffect: Gender 
D ependent: Peak RER AC
Count Mean Std. Dev. Std. Error
Men 12 1 .1 1 9 .031 .0 0 9
Women 1 0 1.101 .0 7 5 .0 2 4
T ype III Sum s o f  Squares
Source df Sum o f Squares Mean Square F-Value P-Value
Gender 1 1.741E -4 1 .741E -4 .0 8 0 .7 7 9 6
Residual 2 0 .0 4 3 .0 0 2
Dependent: Peak F1ER - LC
M eans Table  
E ffect: G ender  
D ependent: Peak RER LC
Count Mean Std. Dev, Std. Error
Men 12 1 .1 3 0 .0 3 4 .0 1 0
Women 10 1 .1 2 4 .0 5 8 .0 1 8
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Type III Sums of Squares
Source df Sum of Squares Mean Square F-Value P-Value
Gender 1 5616.068 561 6.068 16.247 .0007
Subject(Group) 20 6913.250 345.663
Intensity 4 8097.227 2024.307 455.540 .0001
Intensity * Gend... 4 216.318 54.080 12.170 .0001
Intensity * Subj... 80 355.500 4.444
Dependent: Power output - AC 
Means Table
Effect: Intensity * Gender 
Dependent: Power output - AC











12 36.667 8.616 2.487
10 26.000 5.164 1.633
12 43.750 9.799 2.829
10 31.500 4.743 1.500
12 50.417 9.643 2.784
10 36.500 4.743 1.500
12 57.917 11.572 3.340
10 41.500 4.743 1.500
12 65.000 12.968 3.744
10 46.500 4.743 1.500
Comparison 1
Effect: Intensity * Gender
Dependent: Power output - AC
Comparison 3
Effect: Intensity * Gender
Dependent: Power output - AC
Cell Weight Cdl Weight
70, Man 1.000 100, Man 1.000
70, Woman -1.000 100, Woman -1.000
df 1 df 1
Sum of Squares 620.606 Sum of Squares 1056.402
Mean Square 620.606 Mean Square 1056.402
F-Value 1 39.658 F-Value 237.727
P-Value .0001 P-Value .0001
Comparison 2 Comparison 4
Effect: Intensity • Gender 
Dependent: Power output - AC
Effect: Intensity * Gender 
Dependent: Power output AC
Cell Weight Cell Weight
85, Man 1.000 115, Man 1.000
85, Woman -1.000 115, Woman -1.000
df 1 df 1
Sum of Squares 818.523 Sum of Squares 1470.038
Mean Square 818.523 Mean Square 1470.038
F-Value 184.196 F-Value 330.810
P-Value .0001 P-Value .0001
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1 2 9
Type III Sums of Squares
Source df Sum of Squares Mean Square F-Value P-Value
Gender 1 53264.296 53264.296 13.406 .0016
Subject(Group) 20 79463.584 3973.179
Intensity 4 88025.418 22006.354 426.268 .0001
Intensity * Gend... 4 3663.262 915.816 17.740 .0001
Intensity * Subj... 80 4130.049 51.626
Dependent: Power output - LC 
Means Table
Effect: Intensity * Gender 












Mean Std. Dev. Std. Error
12 101.038 27.503 7.939
10 73.257 1 2.403 3.922
12 125.927 33.722 9.735
10 88.910 1 5.469 4.892
12 147.068 37.380 10.791
10 103.838 17.194 5.437
12 172.114 33.817 9.762
10 120.568 18.909 5.979
12 198.762 44.194 12.758
10 137.371 20.854 6.594
Comparison 1
Effect: Intensity * Gender
Dependent: Power output - LC
Effect: Intensity * Gender 
Dependent: Power output - LC
Comparison 3
Effect: Intensity * Gender
Dependent: Power output - LC
Cell Weight Cell Weight
70, Man 1.000 100, Man 1.000
70, Woman -1.000 100, Woman -1.000
df 1 df 1
Sum of Squares 4209.832 Sum of Squares 10193.791
Mean Square 4209.832 Mean Square 10193.791
F-Value 81.545 F-Value 197.456
P-Value .0001 P-Value .0001
Comparison 2 Comparison 4
Effect: Intensity * Gender 
Dependent: Power output - LC
Cell Weight Cell Weight
85, Man 1.000 115, Man 1.000
85, Woman -1.000 115, Woman -1.000
df 1 df 1
Sum of Squares 7474.002 Sum of Squares 14492.767
Mean Square 7474.002 Mean Square 14492.767
F-Value 144.773 F-Value 280.728
P-Value .0001 P-Value .0001
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1 3 0
Type III Sums of Squares
Source df Sum of Squares Mean Square F-Value P-Value
Gender 1 3.061 3.061 12.298 .0022
SubJect(Group) 20 4.978 .249
Intensity 4 5.193 1.298 167.598 .0001
Intensity * Gend... 4 .080 .020 2.596 .0425
Intensity * Subj... 80 .620 .008
Dependent: V02 - AC 
Means Table
Effect: Intensity * Gender 
Dependent: V02 - AC











12 .813 .177 .051
10 .566 .115 .036
12 .985 .240 .069
10 .649 .115 .036
12 1.125 .268 .077
10 .808 .116 .037
12 1.302 .347 .100
10 .940 .103 .032
12 1.513 .423 .122
10 1.101 .100 .032
Comparison 1
Effect: Intensity * Gender
Dependent: V02 - AC
Comparison 3
Effect: Intensity * Gender
Dependent: V02 - AC
Cell Weight Cell Weight
70, Males 1.000 100, Males 1.000
70, Females -1.000 100, Females -1.000
df 1 df 1
Sum of Squares .334 Sum of Squares .548
Mean Square .334 Mean Square .548
F-Value 43.072 F-Value 70.754
P-Value .0001 P-Value .0001
Comparison 2 Comparison 4
Effect: Intensity * Gender 
Dependent: V02 - AC
Effect: Intensity * Gender 
Dependent: V02 - AC
Cell Weight Cell Weight
85, Males 1.000 115, Males 1.000
85, Females -1.000 115, Females -1.000
df 1 df 1
Sum of Squares .616 Sum of Squares .717
Mean Square .616 Mean Square .717
F-Value 79.489 F-Value 92.522
P-Value .0001 P-Value .0001
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1 3 1
Type III Sums of Squares
Source df Sum of Squares Mean Square F-Value P-Value
Gender 1 13.658 13.658 11.372 .0030
Subject(Group) 20 24.020 1.201
Intensity 4 17.758 4.440 285.088 .0001
Intensity * Gend... 4 .671 .168 10.767 .0001
Intensity * Subj... 80 1.246 .016
Dependent: V02 - LC 
Means TaWe
Effect: Intensity * Gender 
Dependent: V02 - LC











12 1.726 .428 .124
10 1.263 .183 .058
12 2.092 .536 155
10 1.474 .248 .078
12 2.405 .648 .187
10 1.689 .307 .097
12 2.764 .684 .198
10 1.925 .314 .099
12 3.091 .777 .224
10 2.189 .348 .110
Comparison 1
Effect: Intensity * Gender
Dependent: V02 - LC
Comparison 3
Effect: Intensity * Gender
Dependent: V02 - LC
Cell Weight Cell Weight
70, Males 1.000 100, Males 1.000
70, Females -1.000 100, Females -1.000
df 1 df 1
Sum of Squares 1.168 Sum of Squares 2.796
Mean Square 1.168 Mean Square 2.796
F-Value 75.032 F-Value 179.566
P-Value .0001 P-Value .0001
Comparison 2 Comparison 4
Effect: Intensity * Gender Effect: Intensity ^ Gender
Dependent: V02 - LC Dependent: V02 - LC
Cell Weight Cell W ei^t
85, Males 1.000 115, Males 1.000
85, Females -1.000 115, Females -1.000
df 1 df 1
Sum of Squares 2.087 Sum of Squares 3.841
Mean Square 2.087 Mean Square 3.841
F-Value 133.992 F-Value 246.658
P-Value .0001 P-Value .0001
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1 3 2
Type ill Sums of Squares
Source df Sum of Squares Mean Square F-Value P-Value
Gender 1 194.245 194.245 4.758 .0413
Subject(Group) 20 816.502 40.825
Intensity 4 1134.790 283.697 187.222 .0001
Intensity * Gend... 4 4.298 1.074 .709 .5881
Intensity * Subj... 80 121.224 1.515

















12 11.212 2.145 .619
10 9.182 2.205 .697
12 13.566 2.644 .763
10 10.483 2.201 .696
12 15.469 2.975 .859
10 13.013 2.125 .672
12 17.868 3.784 1.092
10 15.163 2.275 .719
12 20.857 5.412 1.562
10 17.786 2.551 .807
Comparison 1
Effect: Intensity * Gender
Dependent: V02 (ml/kg/min) - AC
Comparison 3
Effect: Intensity * Gender
Dependent: V02 (ml/kg/min) AC
Cell Weight Cell Weight
70, Males 1.000 100, Males 1.000
70, Females -1.000 100, Females -1.000
df 1 df 1
Sum of Squares 22.470 Sum of Squares 32.906
Mean Square 22.470 Mean Square 32.906
F-Value 14.829 F-Value 21.716
P-Value .0002 P-Value .0001
Comparison 2 Comparison 4
Effect: Intensity * Gender 
Dependent: V02 (ml/kg/min) - AC
Effect: Intensity * Gender 
Dependent: V02 (ml/kg/min) AC
Cell Weight Cell Weight
85, Males 1.000 115, Males 1.000
85, Females -1.000 115, Females -1.000
df 1 df 1
Sum of Squares 51.839 Sum of Squares 39.896
Mean Square 51.839 Mean Square 39.896
F-Value 34.211 F-Value 26.329
P-Value .0001 P-Value .0001
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1 3 3
Type III Sums of Squares
Source df Sum of Squares Mean Square F-Value P-Value
Gender 1 850.971 850.971 4.849 .0396
Subject(Group) 20 3509.726 175.486
Intensity 4 3835.118 958.780 373.418 .0001
Intensity * Gend... 4 51.576 12.894 5.022 .0012
Intensity * Subj... 80 205.406 2.568

















12 23.731 4.427 1.278
10 20.400 3.677 1.163
12 28.739 5.587 1.613
10 23.798 4.799 1.518
12 33.003 6.784 1.958
10 27.321 5.858 1.853
12 37.977 7.116 2.054
10 31.078 5.952 1.882
12 42.432 8.177 2.361
10 35.356 6.672 2.110
Comparison 1
Effect: Intensity * Gender
Dependent: V 02 (ml/kg/min) - LC
Comparison 3
Effect: Intensity * Gender
Dependent: V02 (ml/kg/min) - LC
Cell Weight Cell Weight
70, Males 1.000 100, Males 1.000
70, Females -1.000 100, Females -1.000
df 1 df 1
Sum of Squares 60.515 Sum of Squares 176.121
Mean Square 60.515 Mean Square 176.121
F-Value 23.569 F-Value 68.594
P-Value .0001 P-Value .0001
Comparison 2 Comparison 4
Effect: Intensity * Gender 
Dependent: V 02 (ml/kg/min) - LC
Effect: Intensity * Gender 
Dependent: V02 (ml/kg/min) - LC
Cell Weight Cell Weight
85, Males 1.000 115, Males 1.000
85, Females -1.000 115, Females -1.000
df 1 df 1
Sum of Squares 133.173 Sum of Squares 259.591
Mean Square 133.173 Mean Square 259.591
F-Value 51.867 F-Value 101.103
P-Value .0001 P-Value .0001
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1 3 4
Type III Sums of Squares
Source df Sum of Squares Mean Square F-Value P-Value
Gender 1 1216.367 1216.367 1.340 .2607
Subject(Group) 20 18155.710 907.785
Intensity 4 17995.323 4498.831 123.726 .0001
Intensity * Gend... 4 261.545 65.386 1.798 .1373
Intensity * Subj... 80 2908.894 36.361
Dependent: HR - AC 
Means Table
Effect: Intensity * Gender 
Dependent: HR - AC











12 92.758 9.135 2.637
10 82.350 15.776 4.989
12 100.308 9.069 2.618
10 91.450 15.205 4.808
12 106.375 9.890 2.855
10 99.060 15.724 4.972
12 115.575 11.987 3.460
10 110.240 18.813 5.949
12 124.975 14.734 4.253




Effect: Intensity * Gender
Dependent: HR - AC Dependent: HR AC
Cell Weight Cell Weight
70, Males 1.000 100, Males 1.000
70, Females -1.000 100, Females -1.000
df 1 df 1
Sum of Squares 590.909 Sum of Squares 291.869
Mean Square 590.909 Mean Square 291.869
F-Value 16.251 F-Value 8.027
P-Value .0001 P-Value .0058
Comparison 2 Comparison 4
Effect: Intensity * Gender Effect; Intensity * Gender
Dependent: HR - AC Dependent: HR -AC
Cell Weight Cell Weight
85, Males 1.000 115, Males 1.000
85, Females -1.000 115, Females -1.000
df 1 df 1
Sum of Squares 428.019 Sum of Squares 1 55.249
Mean Square 428.019 Mean Square 1 55.249
F-Value 11.771 F-Value 4.270
P-Value .0010 P-Value .0420
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
1 3 5
Type III Sums of Squares
Source df Sum of Squares Mean Square F-Value P-Value
Gender 1 253.150 253.150 .307 .5858
Subject(Group) 20 16505.137 825.257
Intensity 4 27727.939 6931.985 380.834 .0001
Intensity * Gend... 4 24.876 6.219 .342 .8491
Intensity * Subj... 80 1456.170 18.202
Dependent; HR - LC 
Means Table
Effect: Intensity * Gender 
Dependent: HR - LC











12 109.667 13.500 3.897
10 108.160 10.191 3.223
12 121.517 13.275 3.832
10 118.930 12.420 3.927
12 132.042 14.412 4.160
10 128.960 13.011 4.115
12 144.900 13.448 3.882
10 140.720 14.583 4.612
12 155.908 13.246 3.824
10 152.030 15.105 4.777
Comparison 1
Effect: Intensity * Gender
Comparison 3
Effect: Intensity * Gender
Dependent: HR - LC Dependent: HR LC
Cell Weight Cell Weight
70, Males 1.000 100, Males 1.000
70, Females -1.000 100, Females -1.000
df 1 df 1
Sum of Squares 12.382 Sum of Squares 51.800
Mean Square 12.382 Mean Square 51.800
F-Value .680 F-Value 2.846
P-Value .4120 P-Value .0955
Comparison 2 Comparison 4
Effect: Intensity * Gender Effect: Intensity * Gender
Dependent: HR -LC Dependent: HR LC
Cell Weight Cell Weight
85, Males 1.000 115, Males 1.000
85, Females -1.000 115, Females -1.000
df 1 df 1
Sum of Squares 36.496 Sum of Squares 95.304
Mean Square 36.496 Mean Square 95.304
F-Value 2.005 F-Value 5.236
P-Value .1607 P-Value .0248
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1 3 6
Type III Sums of Squares
Source df Sum of Squares Mean Square F-Value P-Value
Gender 1 1561.416 1561.416 15.371 .0008
SubJect(Group) 20 2031.658 101.583
Intensity 4 3006.636 751.659 109.584 .0001
Intensity * Gend... 4 75.906 18.976 2.767 .0329
Intensity * Subj... 80 548.738 6.859
Dependent: VE - AC 
Means Table
Effect: Intensity * Gender 
Dependent: VE - AC











12 18.069 2.995 .865
10 12.766 2.083 .659
12 22.039 4.810 1.389
10 14.878 1.953 .618
12 24.985 5.222 1.507
10 18.215 2.666 .843
12 29.643 7.204 2.080
10 21.342 1.978 .625
12 35.511 10.044 2.899





Dependent: VE - AC Dependent: VE -AC
Cell Weight Cell Weight
70, Males 1.000 100, Males 1.000
70, Females -1.000 100, Females -1.000
df 1 df 1
Sum of Squares 153.401 Sum of Squares 249.998
Mean Square 153.401 Mean Square 249.998
F-Value 22.364 F-Value 36.447
P-Value .0001 P-Value .0001
Comparison 2 Comparison 4
Effect: Intensity * Gender Effect: Intensity * Gender
Dependent: VE - AC Dependent: VE - AC
Cell Weight Cell Weight
85, Males 1.000 115, Males 1.000
85, Females -1.000 115, Females -1.000
df 1 df 1
Sum of Squares 279.722 Sum of Squares 375.884
Mean Square 279.722 Mean Square 375.884
F-Value 40.780 F-Value 54.800
P-Value .0001 P-Value .0001
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1 3 7
Type III Sums of Squares
Source df Sum of Squares Mean Square F-Value P-Value
Gender 1 6276.712 6276.712 9.178 .0066
Subject(Group) 20 1 3677.795 683.890
Intensity 4 10066.148 2516.537 89.202 .0001
Intensity * Gend... 4 687.811 171.953 6.095 .0002
Intensity * Subj... 80 2256.933 28.212
Dependent: VE - LC 
Means Table
Effect: Intensity * Gender 
Dependent: VE - LC











12 31.341 7.903 2.281
10 22.952 2.765 .874
12 38.623 10.865 3.137
10 26.998 3.847 1.216
12 45.559 14.770 4.264
10 31.073 5.088 1.609
12 55.154 17.738 5.120
10 36.273 5.954 1.883
12 65.708 24.723 7.137




Effect: Intensity * Gender
D ^endent: VE - LC Dependent: VE -LC
Cell Weight Cell Weight
70, Males 1.000 100, Males 1.000
70, Females -1.000 100, Females -1.000
df 1 df 1
Sum of Squares 383.850 Sum of Squares 1144.631
Mean Square 383.850 Mean Square 1144.631
F-Value 13.606 F-Value 40.573
P-Value .0004 P-Value .0001
Comparison 2 Comparison 4
Effect: Intensity * Gender Effect: Intensity * Gender
Dependent: VE - LC Dependent: VE -LC
Cell Weight Cell Weight
85, Males 1.000 115, Males 1.000
85, Females -1.000 115, Females -1.000
df 1 df 1
Sum of Squares 737.173 Sum of Squares 1944.537
Mean Square 737.173 Mean Square 1944.537
F-Value 26.130 F-Value 68.927
P-Value .0001 P-Value .0001
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1 3 8
Type III Sums of Squares
Source df Sum of Squares Mean Square F-Value P-Value
Gender 1 709.234 709.234 1.694 .2078
Subject(Group) 20 8372.424 418.621
Intensity 4 14162.719 3540.680 170.597 .0001
Intensity * Gend... 4 252.866 63.217 3.046 .0217
Intensity * Subj... 80 1660.376 20.755
Dependent: %V02 peak - AC 
Means Table
Effect: Intensity * Gender 
Dependent: %V02 peak - AC











12 33.849 5.699 1.645
10 36.478 7.562 2.391
12 40.926 6.846 1.976
10 41.664 7.433 2.351
12 46.692 7.868 2.271
10 52.521 11.312 3.577
12 53.883 9.925 2.865
10 61,013 11.528 3.645
12 62.669 1 3.438 3.879
10 71.840 15-090 4.772
Comparison 1
Effect: Intensity * Gender
Dependent: %V02 peak - AC
Comparison 3
Effect: Intensity * Gender
Dependent: 96V02 peak - AC
Cell Weight Cell Weight
70, Men 1.000 100, Men 1.000
70, Women -1.000 100, Women -1.000
df 1 df 1
Sum of Squares 37.695 Sum of Squares 185.352
Mean Square 37.695 Mean Square 1 85.352
F-Value 1.816 F-Value 8.931
P-Value .1816 P-Value .0037
Comparison 2 Comparison 4
Effect: Intensity * Gender 
Dependent: %V02 peak - AC
Effect: intensity * Gender 
Dependent: %V02 peak - AC
Cell Weight Cell Weight
85, Men 1.000 115, Men 1.000
85, Women -1.000 115, Women -1.000
df 1 df 1
Sum of Squares 2.972 Sum of Squares 277.331
Mean Square 2.972 Mean Square 277.331
F-Value .143 F-Value 13.362
P-Value .7061 P-Value .0005
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1 3 9
Type III Sums of Squares
Source df Sum of Squares Mean Square F-Value P-Value
Gender 1 ,076 .076 2.833E-4 .9867
Subject(Group) 20 5361.421 268.071
Intensity 4 13003.473 3250.868 746.579 .0001
Intensity * Gend... 4 17.004 4.251 .976 .4253
Intensity * Subj... 80 348.348 4.354
Dependent: %V02 peak - LC 
Means Table
Effect: Intensity * Gender 
Dependent: %V02 peak - LC











12 40.375 4.887 1.411
10 41 687 6.192 1.958
12 48.781 5.826 1.682
10 48.633 8.408 2.659
12 55.966 7.180 2.073
10 55.645 9.134 2.889
12 64.463 6.816 1.968
10 63.330 8.876 2.807
12 72.011 7.998 2.309
10 72.037 9.722 3.074
Comparison 1
Effect: Intensity * Gender
Dependent: %V02 peak - LC
Comparison 3
Effect: Intensity * Gender
Dependent: %V02 peak - LC
Cell Weight Cell Weight
70, Men 1.000 100, Men 1.000
70, Women -1.000 100, Women -1.000
df 1 df 1
Sum of Squares 9.389 Sum of Squares .561
Mean Square 9.389 Mean Square .561
F-Value 2.156 F-Value .129
P-Value .1459 P-Value .7205
Comparison 2 Comparison 4
Effect: Intensity * Gender 
Dependent: %V02 peak - LC
Effect: Intensity * Gender 
Dependent: %V02 peak - LC
Cell Weight Cell Weight
85, Men 1.000 115, Men 1.000
85, Women -1.000 115, Women -1.000
df 1 df 1
Sum of Squares .119 Sum of Squares 7.006
Mean Square .119 Mean Square 7.006
F-Value .027 F-Value 1.609
P-Value .8690 P-Value 2083
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T yp e  III Sums o f Squares
Source d f Sum o f Squares Mean Square F-Value P-Value
Gender 1 .0 4 2 .0 4 2 8 .6 3 3 .0081
Subject(Group) 2 0 .0 9 8 .0 0 5
Intensity 4 .1 1 2 .0 2 8 6 5 .8 2 0 .0001
Intensity * Gend... 4 .001 2 .802E -4 6 5 7 .6 2 3 7
Intensity * Subj... 8 0 .0 3 4 4 .264E -4
Dependent: RER - AC
M eans Table
E ffect: In ten sity  * Gender 
D ependent: RER - AC
7 0 , Males 
70 , Fem ales 
85 , Males 
85 , Fem ales 
1 0 0 , Males 
100 , Females 
11 5, Males 
1 1 5 , Females 
1 3 0 , Males 
1 3 0 , Females
Count Mean Std. Dev. Std. Error
12 .8 9 0 .0 3 3 .0 0 9
10 .8 5 3 .0 2 4 .0 0 8
12 .9 1 9 .0 2 8 .0 0 8
10 .8 7 7 .0 3 0 .0 0 9
12 .9 3 6 .021 .0 0 6
10 .9 0 7 .0 5 3 .0 1 7
12 .9 6 5 .0 2 5 .0 0 7
10 .9 2 4 .0 5 3 .0 1 7
12 .9 8 5 .0 3 4 .0 1 0
10 .9 3 7 .051 .0 1 6
Com parison 1
E ffect: In ten sity  * Gender
D ependent: RER -  AC
Cmnparison 2
E ffect: Intensity  * Gender
D ependent: RER -  AC
Cell W eight Cell W eight
70 , Males 1 .0 0 0 8 5 , Males 1 .0 0 0
70 , Fem ales -1 .0 0 0 8 5 , Females -1 .0 0 0
df 1 df 1
Sum o f Squares .0 0 8 Sum o f  Squares .0 1 0
Mean Square .0 0 8 Mean Square .0 1 0
F-Value 1 8 .0 1 9 F-Value 2 2 .6 5 2
P-Value .0001 P-Value .0001
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Typ e  III Sums o f Squares
Source d f Sum of Squares Mean Square F-Value P-Value
Gender 1 .0 6 0 .0 6 0 1 7 .9 6 2 .0 0 0 4
Subject(Group) 19 .0 6 3 .0 0 3
Intensity 4 .0 9 0 .0 2 2 81 -4 4 8 .0001
Intensity * Gend... 4 .0 0 2 4 .959E -4 1.801 .1 3 7 4
Intensity * Subj... 76 .021 2 .754E -4
Dependent: RER - AC
M eans Table
Effect: In tensity  * Gender 
D ependent: RER - AC
7 0 , Males 
7 0 , Fem ales 
8 5 , Males 
8 5 , Females 
1 0 0 , Males 
1 0 0 , Fem ales 
1 1 5 , Males 
1 1 5 , Females 
1 3 0 , Males 
130 , Fem ales
Count Mean Std. Dev. Std. Error
12 .8 9 0 .0 3 3 .0 0 9
9 .8 5 3 .0 2 6 .0 0 9
12 .9 1 9 .0 2 8 .0 0 8
9 .8 7 2 .0 2 7 .0 0 9
12 9 3 6 .021 .0 0 6
9 .8 9 5 .0 3 9 .0 1 3
12 .9 6 5 .0 2 5 .0 0 7
9 .9 1 0 .031 .0 1 0
12 .9 8 5 .0 3 4 .0 1 0
9 .9 2 4 .0 3 2 .011
Com parison 1
E ffect: In ten sity  * Gender
D ependent: RER - AC
1 0 0 , Males 












3 0 .3 3 7
.0001
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1 4 2
T y p e  III Sums o f  Squares
Source d f Sum o f Squares Mean Square F-Value P-Value
Gender 1 .051 .051 1 5 .8 8 5 .0 0 0 9
Subject(Group) 18 .0 5 7 .0 0 3
Intensity 4 .0 8 7 .0 2 2 7 6 .4 3 0 .0001
Intensity * Gend... 4 .0 0 2 4 .6 8 1  E-4 1 .6 4 5 .1 7 2 2
Intensity * Subj... 72 .0 2 0 2 .845E -4
Dependent: RER - AC
M eans Table
E ffect: In tensity  * Gender 
D ependent: RER - AC
7 0 , Males 
7 0 , Females 
85 , Males 
85 , Females 
1 0 0 , Males 
1 0 0 , Fem ales 
1 1 5 , Males 
1 1 5 , Fem ales 
1 3 0 , Males 
1 30 , Females
Count Mean Std. Dev. Std. Error
11 .8 8 6 .031 .0 0 9
9 8 5 3 .0 2 6 .0 0 9
11 .9 1 6 .0 2 7 .0 0 8
9 .8 7 2 .0 2 7 .0 0 9
11 .9 3 4 .0 2 2 .0 0 7
9 .8 9 5 .0 3 9 .0 1 3
11 .9 6 2 .0 2 3 .0 0 7
9 .9 1 0 .031 .0 1 0
11 .9 8 2 .0 3 4 .0 1 0
9 .9 2 4 .0 3 2 O il
Comparison 1
Effect: In tensity  * Gender
D ependent: RER - AC
Cell W eight
11 5, Males 




Sum o f  Squares .0 1 3  
Mean Square .0 1 3  
F-Value 4 6 .4 4 4  
P-Value .0001
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
1 4 3
T yp e  III Sums o f Squares
Source d f Sum o f Squares Mean Square F-Value P-Value
Gender 1 .0 3 9 0 3 9 7 .1 4 6 .0 1 4 6
Subject(Group) 2 0 .1 0 9 .0 0 5
Intensity 4 .0 7 7 .0 1 9 7 8 .8 5 9 .0001
Intensity * Gend... 4 .001 1 .795E -4 .7 3 6 .5 7 0 4
Intensity * Subj... 8 0 .0 2 0 2 .439E -4
Dependent: RER - LC
M eans Table
E ffect: In tensity  * Gender 
D ependent: RER - LC
7 0 , Males 
7 0 , Fem ales 
8 5 , Males 
8 5 , Fem ales 
1 0 0 , Males 
1 0 0 , Females 
1 15 , Males 
1 1 5 , Females 
1 3 0 , Males 
1 3 0 , Females
Count Mean Std. Dev. Std. Error
12 .8 8 3 .0 3 6 .0 1 0
10 .8 5 5 .0 3 0 .0 1 0
12 .9 0 8 .0 3 4 .0 1 0
10 .871 .0 2 8 .0 0 9
12 .9 2 5 .0 4 0 .0 1 2
10 .8 8 6 .0 2 8 .0 0 9
12 .9 4 4 .0 4 4 .0 1 3
10 .9 0 3 .031 .0 1 0
12 .9 6 7 .0 4 5 .0 1 3
10 .9 2 4 .033 .011
Com parison 1
E ffect: in ten sity  * Gender
D ependent: RER -  LC
Comparison 2
E ffect: Intensity  * Gender
D ependent: RER -  LC
Cell Weight Cell Weight
7 0 , Males 1 .0 0 0 85 , Males 1 .0 0 0
70 , Fem ales -1 .0 0 0 8 5 , Females -1 .0 0 0
df 1 df 1
Sum o f Squares .0 0 4 Sum of Squares .0 0 8
Mean Square .0 0 4 Mean Square .0 0 8
F-Value 1 8 .0 1 4 F-Value 3 1 .1 6 6
P-Value .0001 P-Value .0001
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
1 4 4
T yp e  III Sums o f Squares
Source df Sum o f Squares Mean Square F-Value P-Value
Gender 1 .0 2 7 .0 2 7 5 .8 4 6 .0 2 5 8
Subject(Group) 19 .0 8 8 0 0 5
Intensity 4 .0 7 4 .0 1 9 7 9 .3 0 0 .0001
Intensity * Gend... 4 .001 1.796E -4 .7 6 8 .5 4 9 3
Intensity * Subj... 76 .0 1 8 2 .339E -4
Dependent: RER - LC
M eans Table
Effect: In tensity  * Gender 
D ependent: RER -  LC
7 0 , Males 
70 , Fem ales 
85 , Males 
85 , Fem ales 
1 00 , Males 
1 0 0 , Fem ales 
1 1 5 , Males 
1 1 5 , Fem ales 
1 3 0 , Males 
1 3 0 , Fem ales
Count Mean Std. Dev. Std. Error
11 .8 7 8 .0 3 3 .0 1 0
10 .8 5 5 .0 3 0 .0 1 0
11 .9 0 3 .031 .0 0 9
10 .871 .0 2 8 .0 0 9
11 .9 1 8 .0 3 4 .0 1 0
10 .8 8 6 .0 2 8 .0 0 9
11 .9 3 6 .0 3 6 .011
10 .9 0 3 .031 .0 1 0
11 .9 6 4 .0 4 5 .0 1 4
10 .9 2 4 .0 3 3 .011
Com parison 1
E ffect; In tensity  * Gender
D epend en t: RER -  LC
Cell Weight
1 0 0 , Males 




Sum o f Squares .0 0 6  
Mean Square .0 0 6  
F-Value 2 3 .6 0 6  
P-Value .0001
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
1 4 5
Typ e  ill Sums o f Squares
Source d f Sum o f Squares Mean Square F-Value P-Value
Dependent: RER - LC
Gender 1 .0 1 9 .0 1 9 4 .4 7 2 .0 4 8 7
Subject(Group) 18 .0 7 6 .0 0 4
Intensity 4 .0 6 3 .0 1 6 9 3 .8 0 8 .0001
Intensity * Gend... 4 2 .358E -4 5 .896E -5 .3 5 3 .8 4 1 3
Intensity * Subj... 72 .0 1 2 1 .6 7 1 E-4
M eans Table
E ffect: In ten sity  * Gender 
D epend en t; RER -  LC
7 0 , Males 
70 , Females 
8 5 , Males 
8 5 , Females 
1 0 0 , Males 
1 0 0 , Females 
1 1 5 , Males 
1 1 5 , Females 
1 3 0 , Males 
1 3 0 , Females
Count Mean Std. Dev. Std. Error
10 .8 7 8 .0 3 5 .011
10 .8 5 5 .0 3 0 .0 1 0
10 .901 .031 .0 1 0
10 .871 .0 2 8 .0 0 9
10 .9 1 4 .0 3 2 .0 1 0
10 .8 8 6 .0 2 8 .0 0 9
10 .9 2 8 .0 2 6 .0 0 8
10 .9 0 3 .031 .0 1 0
10 .9 5 5 .0 3 7 .0 1 2
10 .9 2 4 .0 3 3 .011
Com parison 1
E ffect: In ten sity  * Gender
D ependent: RER -  LC
1 1 5 , Males 





Sum o f Squares .0 0 3  
Mean Square .0 0 3  
F-Value 18 .251  
P-Value .0001
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
T y p e  III Sums o f  Squares
Source d f Sum o f Squares
Dependent: %CHO - AC
1 4 6
Mean Square F-Value P-Value
Gender 1 3 2 9 8 .0 1 1 3 2 9 8 .0 1 1 8 .8 1 2 .0 0 7 6
Subject(Group) 2 0 7 4 8 5 .2 3 5 3 7 4 .2 6 2
Intensity 3 6 9 6 1 .7 3 5 2 3 2 0 .5 7 8 5 1 .1 1 4 .0001
Intensity * Gend... 3 6 3 .2 9 6 2 1 .0 9 9 .4 6 5 .7 0 8 0
Intensity * Subj... 6 0 2 7 2 4 .0 1 2 4 5 .4 0 0
M eans Table
E ffect: In ten sity  * Gender 
D ependent: %CHO - AC
7 0 , Males 
7 0 , Females 
8 5 , Males 
8 5 , Females 
1 0 0 , Males 
1 0 0 , Females 
1 1 5 , Males 
1 1 5 , Females
Count Mean Std. Dev. Std. Error
12 6 4 .5 7 5 1 0 .8 1 3 3 .121
1 0 5 2 .1 0 2 8 .1 6 5 2 .5 8 2
12 7 3 .8 5 0 9 .0 5 3 2 .6 1 3
10 6 0 .0 0 0 1 0 .1 2 2 3 .201
12 7 9 .5 5 0 6 .9 6 4 2 .0 1 0
10 7 0 .0 7 8 1 7 .1 4 0 5 .4 2 0
12 8 9 .0 1 7 8 .0 3 8 2 .3 2 0
10 7 5 .6 3 3 1 7 .0 3 3 5 .3 8 6
Com parison 1
E ffect: In tensity  * Gender
D ependent: %CHO -  AC
Com parison 2
E ffect: Intensity * Gender
D ependent: %CHO -  AC
Cell W eight Cell Weight
7 0 , Males 1 .0 0 0 8 5 , Males 1 .0 0 0
70 , Fem ales -1 .0 0 0 85 , Females -1 .0 0 0
df 1 df 1
Sum o f Squares 8 4 8 .5 9 5 Sum o f Squares 1 0 4 6 .3 0 5
Mean Square 8 4 8 .5 9 5 Mean Square 1 0 4 6 .3 0 5
F-Value 18 .691 F-Value 2 3 .0 4 6
P-Value .0001 P-Value .0001
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
T yp e  III Sums o f Squares
Source d f Sum o f Squares
Dependent: %CHO - AC
1 4 7
Mean Square F-Value P-Value
Gender 1 4 4 9 1 .1 7 8 4 4 9 1 .1 7 8 1 6 .1 9 4 .0 0 0 7
Subject(Group) 19 5 2 6 9 .2 5 5 2 7 7 .3 2 9
Intensity 3 5 3 5 4 .6 1 5 1 7 8 4 .8 7 2 6 3 .2 4 4 .0001
Intensity * Gend... 3 8 8 .2 4 0 2 9 .4 1 3 1 .0 4 2 .3 8 0 9
Intensity * Subj... 57 1 6 0 8 .6 4 1 2 8 .2 2 2
M eans Table
E ffect: In ten sity  * Gender 
D ependent: %CHO - AC
7 0 , Males 
70 , Fem ales 
8 5 , Males 
8 5 , Fem ales 
1 0 0 , Males 
1 0 0 , Fem ales 
1 1 5 , Males 
1 1 5 , Fem ales
Count Mean Std. Dev. Std. En"or
12 6 4 .5 7 5 1 0 .8 1 3 3.121
9 5 2 .0 6 0 8 .6 6 0 2 .8 8 7
12 7 3 .8 5 0 9 .0 5 3 2 .6 1 3
9 58 .3 9 1 9.281 3 .0 9 4
12 7 9 .5 5 0 6 .9 6 4 2 .0 1 0
9 6 6 .2 5 9 12 .901 4 .3 0 0
12 8 9 .0 1 7 8 .0 3 8 2 .3 2 0
9 7 1 .1 7 9 1 0 .1 5 8 3 .3 8 6
Com parison 1
E ffect: In ten sity  * Gender
D ependent: %CHO -  AC
Cell Weight
1 0 0 , Males 
1 0 0 , Females
df







9 0 8 .5 0 4
9 0 8 .5 0 4  
3 2 .1 9 2  
.0001
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
1 4 8
T y p e  III Sums o f  Squares
Source d f Sum o f Squares Mean Square F-Value P-Value
Gender 1 3 7 7 9 .6 8 7 3 7 7 9 .6 8 7 1 4 .2 2 3 .0 0 1 4
Subject(Group) 18 4 7 8 3 .3 7 9 2 6 5 .7 4 3
Intensity 3 5 2 4 3 .7 8 5 1 7 4 7 .9 2 8 6 0 .4 0 9 .0001
Intensity * Gend... 3 8 4 .5 4 8 2 8 .1 8 3 .9 7 4 .4 1 1 8
Intensity * Subj... 5 4 1 5 6 2 .4 7 4 2 8 .9 3 5
Dependent: %CHO - AC
M eans Table
E ffect: In ten sity  * Gender 
D ependent: %CHO -  AC
7 0 , Males 
7 0 , Fem ales 
8 5 , Males 
8 5 , Females 
1 0 0 , Males 
1 0 0 , Females 
11 5, Males 
1 1 5 , Females
Count Mean Std. Dev. Std. Error
11 6 3 .2 6 4 10 .291 3 .1 0 3
9 5 2 .0 6 0 8 .6 6 0 2 .8 8 7
11 7 2 .8 8 2 8 .8 2 0 2 .6 5 9
9 58 .391 9 .281 3 .0 9 4
11 7 9 .0 5 5 7 .0 7 8 2 .1 3 4
9 6 6 .2 5 9 12 .901 4 .3 0 0
11 8 7 .9 5 5 7 .4 9 6 2 .2 6 0
9 7 1 .1 7 9 1 0 .1 5 8 3 .3 8 6
Com parison 1
E ffect: In ten sity  * Gender
D ependent: %CHO - AC
1 1 5 , Males 










1 3 9 3 .0 4 2
1 3 9 3 .0 4 2  
4 8 .1 4 4  
.0001
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1 4 9
T yp e  III Sums o f  Squares
Source d f Sum of Squares Mean Square F-Value P-Value
Gender 1 3 1 2 4 .6 9 2 3 1 2 4 .6 9 2 6 .6 5 2 .0 1 7 9
Subject(Group) 2 0 9 3 9 4 .8 3 4 4 6 9 .7 4 2
Intensity 3 3 8 5 5 .4 1 1 1 2 8 5 .1 3 7 6 5 .3 9 7 .0001
Intensity * Gend... 3 4 7 .4 6 3 15 .821 .8 0 5 .4 9 6 0
Intensity * Subj... 6 0 1 1 7 9 .0 7 8 19 .651
D ependent: %CHO - LC
M eans Table
E ffect: In ten sity  * Gender 
D ependent: %CHO -  LC
7 0 , Males 
7 0 , Females 
8 5 , Males 
8 5 , Fem ales 
1 0 0 , Males 
1 0 0 , Fem ales 
1 1 5 , Males 
1 1 5 , Fem ales
Count Mean Std. Dev. Std. Error
12 6 2 .1 3 3 12 .051 3 4 7 9
10 5 2 .6 8 4 1 0 .3 4 8 3 .2 7 2
12 7 0 .5 5 0 1 1 .2 6 9 3 .2 5 3
10 5 8 .1 1 9 9 .2 9 5 2 .9 3 9
12 7 6 .0 4 2 1 3 .0 9 6 3.781
10 6 3 .1 8 3 9 .4 4 3 2 .9 8 6
12 8 2 .0 0 0 1 4 .2 1 2 4 .1 0 3
10 6 8 .8 7 0 1 0 .1 5 0 3 .2 1 0
Com parison 1
E ffect: In tensity  * Gender
D ependent: %CHO - LC
Comparison 2
Effect: Intensity  * Gender
D ependent: %CHO -  LC
Cell Weight Cell Weight
7 0 , Males 1 .0 0 0 8 5 , Males 1 .0 0 0
70 , Fem ales -1 .0 0 0 85 , Females -1 .0 0 0
df 1 df 1
Sum o f  Squares 4 8 7 .0 3 6 Sum o f Squares 8 4 2 .8 9 0
Mean Square 4 8 7 .0 3 6 Mean Square 8 4 2 .8 9 0
F-Value 2 4 .7 8 4 F-Value 4 2 .8 9 2
P-Value .0001 P-Value .0001
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
1 5 0
Typ e Hi Sums o f  Squares
Source d f Sum of Squares Mean Square F-Value P-Value
Gender 1 2 0 7 7 .0 3 0 2 0 7 7 .0 3 0 5 .4 3 6 .0 3 0 9
Subject(Group) 19 7 2 5 9 .9 7 2 3 8 2 .1 0 4
Intensity 3 3 5 0 2 .8 6 4 1 1 6 7 .6 2 1 6 0 .5 8 8 .0001
Intensity * Gend... 3 3 1 .8 4 6 1 0 .6 1 5 .551 .6 4 9 6
Intensity * Subj... 5 7 1 0 9 8 .4 8 3 1 9 .2 7 2
Dependent: %CHO - LC
M eans Table
E ffect: In ten sity  * Gender 
D ependent: %CHO - LC
7 0 , Males 
7 0 , Females 
8 5 , Males 
8 5 , Females 
1 0 0 , Males 
1 0 0 , Fem ales 
1 1 5 , Males 
1 1 5 , Fem ales
Count Mean Std. Dev. Std. Error
11 6 0 .5 0 9 1 1 .1 7 7 3 .3 7 0
10 5 2 .6 8 4 1 0 .3 4 8 3 .2 7 2
11 6 8 .9 0 9 1 0 .2 0 5 3 .0 7 7
10 5 8 .1 1 9 9 .2 9 5 2 .9 3 9
11 73 .791 1 1 .0 3 6 3 .3 2 8
10 6 3 .1 8 3 9 .4 4 3 2 .9 8 6
11 7 9 .4 7 3 11 .741 3 .5 4 0
10 6 8 .8 7 0 1 0 .1 5 0 3 .2 1 0
Com parison 1
E ffect: In tensity  * Gender
D ependent: %CHO -  LC
Cell Weight
1 0 0 , Males 
1 0 0 , Females
df







5 8 9 .4 3 1
5 8 9 .4 3 1  
3 0 .5 8 5  
.0001
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1 5 1
T yp e  III Sums o f  Squares
Source d f Sum o f Squares Mean Square F-Value P-Value
Gender 1 1 5 3 5 .1 0 2 1 5 3 5 .1 0 2 4 .1 6 7 .0 5 6 2
Subject(Group) 18 6 6 3 1 .1 6 3 3 6 8 .3 9 8
Intensity 3 2 9 0 3 .1 1 4 9 6 7 .7 0 5 70 .3 3 1 .0001
Intensity * Gend... 3 1 6 .5 7 9 5 .5 2 6 .4 0 2 .7 5 2 4
Intensity * Subj... 54 7 4 2 .9 9 7 1 3 .7 5 9
Dependent: %CHO - LC
M eans Table
E ffect: In ten sity  * Gender 
D epend en t: %CHO -  LC
7 0 , Males 
7 0 , Fem ales 
8 5 , Males 
8 5 , Fem ales 
1 0 0 , Males 
1 0 0 , Fem ales 
1 1 5 , Males 
1 1 5 , Fem ales
Count Mean Std. Dev. Std. Error
10 6 0 .4 2 0 1 1 .7 7 7 3 .7 2 4
10 5 2 .6 8 4 1 0 .3 4 8 3 .2 7 2
10 6 8 .1 2 0 1 0 .3 9 8 3 .2 8 8
10 5 8 .1 1 9 9 .2 9 5 2 .9 3 9
10 7 2 .4 3 0 1 0 .6 1 6 3 .3 5 7
10 6 3 .1 8 3 9 .4 4 3 2 .9 8 6
1 0 7 6 .9 3 0 8 .611 2 .7 2 3
1 0 6 8 .8 7 0 1 0 .1 5 0 3 .2 1 0
C om parison 1
E ffect: In tensity  * Gender
D ependent: %CHO -  LC
1 1 5 , Males 










3 2 4 .8 1 8
3 2 4 .8 1 8  
2 3 .6 0 7  
.0001
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1 5 2
T yp e  III Sums o f Squares
Source d f Sum o f Squares Mean Square F-Value P-Value
Gender 1 3 2 9 8 .0 1 1 3 2 9 8 .0 1 1 8 .8 1 2 .0 0 7 6
Subject(Group) 2 0 7 4 8 5 .2 3 5 3 7 4 .2 6 2
Intensity 3 6 9 6 1 .7 3 5 2 3 2 0 .5 7 8 5 1 .1 1 4 .0001
Intensity * Gend... 3 6 3 .2 9 6 2 1 .0 9 9 .4 6 5 .7 0 8 0
Intensity * Subj... 6 0 2 7 2 4 .0 1 2 4 5 .4 0 0
D ependent: %FAT - AC
M eans Table
E ffect: In ten sity  * Gender 
D ependent: %FAT - AC
7 0 , Males 
7 0 , Fem ales 
8 5 , Males 
8 5 , Fem ales 
1 0 0 , Males 
1 0 0 , Females 
1 1 5 , Males 
1 1 5 , Fem ales
Count Mean Std. Dev. Std. Error
12 3 5 .4 2 5 1 0 .8 1 3 3.121
10 4 7 .8 9 8 8 .1 6 5 2 .5 8 2
12 2 6 .1 5 0 9 .0 5 3 2 .6 1 3
10 4 0 .0 0 0 1 0 .1 2 2 3.201
12 2 0 .4 5 0 6 .9 6 4 2 .0 1 0
10 2 9 .9 2 2 1 7 .1 4 0 5 .4 2 0
12 1 0 .9 8 3 8 .0 3 8 2 .3 2 0
10 2 4 .3 6 7 1 7 .0 3 3 5 .3 8 6
Com parison 1
E ffect: In tensity  * Gender
D epend en t: %FAT -  AC
Com parison 2
E ffect: Intensity  * Gender
D ependent: %FAT - AC
Cell W eight Cell Weight
7 0 , Males 1 .0 0 0 8 5 , Males 1 .0 0 0
7 0 , Fem ales -1 .0 0 0 8 5 , Females -1 .0 0 0
df 1 df 1
Sum o f  Squares 8 4 8 .5 9 5 Sum o f Squares 1 0 4 6 .3 0 5
Mean Square 8 4 8 .5 9 5 Mean Square 1 0 4 6 .3 0 5
F-Value 18 .6 9 1 F-Value 2 3 .0 4 6
P-Value .0001 P-Value .0001
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
1 5 3
T yp e  III Sums o f Squares
Source d f Sum o f Squares Mean Square F-Value P-Value
Gender 1 4 4 9 1 .1 7 8 4 4 9 1 .1 7 8 1 6 .1 9 4 .0 0 0 7
Subject(Group) 19 5 2 6 9 .2 5 5 2 7 7 .3 2 9
Intensity 3 5 3 5 4 .6 1 5 1 7 8 4 .8 7 2 6 3 .2 4 4 .0001
Intensity * Gend... 3 8 8 .2 4 0 2 9 .4 1 3 1 .0 4 2 .3 8 0 9
Intensity * Subj... 57 1 6 0 8 .6 4 1 2 8 .2 2 2
Dependent: %FAT - AC
M eans Table
E ffect: In ten sity  * Gender 
D ependent: %FAT -  AC
7 0 , Males 
7 0 , Females 
8 5 , Males 
8 5 , Fem ales 
1 0 0 , Males 
1 0 0 , Females 
11 5, Males 
1 1 5 , Fem ales
Count Mean Std. Dev. Std. Error
12 3 5 .4 2 5 1 0 .8 1 3 3.121
9 4 7 .9 4 0 8 .6 6 0 2 .8 8 7
12 2 6 .1 5 0 9 .0 5 3 2 .6 1 3
9 4 1 .6 0 9 9.281 3 .0 9 4
12 2 0 .4 5 0 6 .9 6 4 2 .0 1 0
9 33 .741 12.901 4 .3 0 0
12 1 0 .9 8 3 8 .0 3 8 2 .3 2 0
9 28 .821 1 0 .1 5 8 3 .3 8 6
Com parison 1
E ffect: In ten sity  * Gender
D epend en t: %FAT -  AC
1 0 0 , Males 










9 0 8 .5 0 4
9 0 8 .5 0 4  
3 2 .1 9 2  
0001
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
T y p e  III Sums o f  Squares
Source d f Sum o f Squares
Dependent: %FAT - AC
1 5 4
Mean Square F-Value P-Value
Gender 1 3 7 7 9 .6 8 7 3 7 7 9 .6 8 7 1 4 .2 2 3 .0 0 1 4
SubJect(Group) 1 8 4 7 8 3 .3 7 9 2 6 5 .7 4 3
Intensity 3 5 2 4 3 .7 8 5 1 7 4 7 .9 2 8 6 0 .4 0 9 .0001
Intensity * Gend... 3 8 4 .5 4 8 2 8 .1 8 3 .9 7 4 .4 1 1 8
Intensity * Subj... 54 1 5 6 2 .4 7 4 2 8 .9 3 5
M eans Table
E ffect: In tensity  * Gender 
D epend en t: %FAT - AC
7 0 , Males 
7 0 , Fem ales 
8 5 , Males 
8 5 , Fem ales 
1 0 0 , Males 
1 0 0 , Fem ales 
1 1 5 , Males 
1 1 5 , Fem ales
Count Mean Std. Dev. Std. Errw
11 3 6 .7 3 6 10.291 3 .1 0 3
9 4 7 .9 4 0 8 .6 6 0 2 .8 8 7
11 2 7 .1 1 8 8 .8 2 0 2 .6 5 9
9 4 1 .6 0 9 9.281 3 .0 9 4
11 2 0 .9 4 5 7 .0 7 8 2 .1 3 4
9 33 .741 12.901 4 .3 0 0
11 1 2 .0 4 5 7 .4 9 6 2 .2 6 0
9 28 .821 1 0 .1 5 8 3 .3 8 6
Com parison 1
E ffect: In tensity  * Gender
D epend en t: %FAT - AC
1 1 5 , Males 










1 3 9 3 .0 4 2
1 3 9 3 .0 4 2  
4 8 .1 4 4  
.0001
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
Typ e  III Sums o f  Squares
Source
D ependent: %FAT - LC
1 5 5
d f Sum o f Squares Mean Square F-Value P-Value
Gender 1 3 1 2 4 .6 9 2 3 1 2 4 .6 9 2 6 .6 5 2 .0 1 7 9
Subject(Group) 2 0 9 3 9 4 .8 3 4 4 6 9 .7 4 2
Intensity 3 3 8 5 5 .4 1 1 1 2 8 5 .1 3 7 6 5 .3 9 7 .0001
Intensity * Gend... 3 4 7 .4 6 3 15 .821 .8 0 5 .4 9 6 0
Intensity * Subj... 6 0 1 1 7 9 .0 7 8 19 .651
M eans Table
E ffect: In ten sity  * Gender 
D epend en t: %FAT -  LC
7 0 , Males 
70 , Fem ales 
8 5 , Males 
85 , Fem ales 
1 0 0 , Males 
1 0 0 , Fem ales 
1 1 5 , Males 
1 1 5 , Fem ales
Count Mean Std. Dev. Std. Error
12 3 7 .8 6 7 12 .051 3 .4 7 9
10 4 7 .3 1 6 1 0 .3 4 8 3 .2 7 2
12 2 9 .4 5 0 1 1 .2 6 9 3 .2 5 3
10 4 1 .8 8 1 9 .2 9 5 2 .9 3 9
12 2 3 .9 5 8 1 3 .0 9 6 3.781
10 3 6 .8 1 7 9 .4 4 3 2 .9 8 6
12 1 8 .0 0 0 1 4 .2 1 2 4 .1 0 3
10 3 1 .1 3 0 1 0 .1 5 0 3 .2 1 0
C om parison 1
E ffect: In ten sity  * Gender
D epend en t: %FAT - LC
Com parison 2
E ffect: In ten sity  * Gender
D ependent: %FAT -  LC
Cell W eight Cell Weight
7 0 , Males 1 .0 0 0 8 5 , Males 1 .0 0 0
7 0 , Fem ales -1 .0 0 0 8 5 , Females -1 .0 0 0
df 1 df 1
Sum o f  Squares 4 8 7 .0 3 6 Sum o f Squares 8 4 2 .8 9 0
Mean Square 4 8 7 .0 3 6 Mean Square 8 4 2 .8 9 0
F-Value 2 4 .7 8 4 F-Value 4 2 .8 9 2
P-Value .0001 P-Value .0001
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
T y p e  III Sums o f  Squares
Source
Dependent: %FAT -  LC
1 5 6
d f Sum o f Squares Mean Square F-Value P-Value
Gender 1 2 0 7 7 .0 3 0 2 0 7 7 .0 3 0 5 .4 3 6 .0 3 0 9
Subject(Group) 19 7 2 5 9 .9 7 2 3 8 2 .1 0 4
Intensity 3 3 5 0 2 .8 6 4 1 1 6 7 .6 2 1 6 0 .5 8 8 .0001
Intensity * Gend... 3 3 1 .8 4 6 1 0 .6 1 5 .551 .6 4 9 6
intensity * Subj... 57 1 0 9 8 .4 8 3 1 9 .2 7 2
M eans Table
E ffect: In ten sity  * Gender 
D ependent: %FAT - LC
70 , Males 
70 , Females 
8 5 , Males 
8 5 , Females 
1 0 0 , Males 
1 0 0 , Fem ales 
1 1 5 , Males 
1 1 5 , Fem ales
Count Mean Std. Dev. Std. Error
11 39 .4 9 1 1 1 .1 7 7 3 .3 7 0
1 0 4 7 .3 1 6 1 0 .3 4 8 3 .2 7 2
11 31 .091 1 0 .2 0 5 3 .0 7 7
10 41 .8 8 1 9 .2 9 5 2 .9 3 9
11 2 6 .2 0 9 1 1 .0 3 6 3 .3 2 8
10 3 6 .8 1 7 9 .4 4 3 2 .9 8 6
11 2 0 .5 2 7 11.741 3 .5 4 0
10 3 1 .1 3 0 1 0 .1 5 0 3 .2 1 0
Com parison 1
E ffect: In ten sity  * Gender
D ependent: %FAT -  LC
1 0 0 , Males 










5 8 9 .4 3 1
5 8 9 .4 3 1  
3 0 .5 8 5  
.0001
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
1 5 7
T y p e  III Sums o f  Squares
Source i Mean Square F-Value P-Value
Gender 1 1 5 3 5 .1 0 2 1 5 3 5 .1 0 2 4 .1 6 7 .0 5 6 2
Subject (Group) 18 6 6 3 1 .1 6 3 3 6 8 .3 9 8
Intensity 3 2 9 0 3 .1 1 4 9 6 7 .7 0 5 70 .3 3 1 .0001
Intensity * Gend... 3 1 6 .5 7 9 5 .5 2 6 .4 0 2 .7 5 2 4
Intensity * Subj... 54 7 4 2 .9 9 7 1 3 .7 5 9
Dependent: %FAT - LC
M eans Table
E ffect: In ten sity  * Gender 
D epend en t: %FAT -  LC
7 0 , Males 
7 0 , Fem ales 
8 5 , Males 
8 5 , Fem ales 
1 0 0 , Males 
1 0 0 , Females 
1 1 5 , Males 
1 1 5 , Fem ales
Count Mean Std. Dev. Std. Error
10 3 9 .5 8 0 1 1 .7 7 7 3 .7 2 4
10 4 7 .3 1 6 1 0 .3 4 8 3 .2 7 2
1 0 3 1 .8 8 0 1 0 .3 9 8 3 .2 8 8
1 0 4 1 .8 8 1 9 .2 9 5 2 .9 3 9
1 0 2 7 .5 7 0 1 0 .6 1 6 3 .3 5 7
10 3 6 .8 1 7 9 .4 4 3 2 .9 8 6
10 2 3 .0 7 0 8.611 2 .7 2 3
1 0 3 1 .1 3 0 10.1 50 3 .2 1 0
Com parison 1
E ffect: In ten sity  * Gender
D ependent: %FAT - LC
1 1 5 , Males 










3 2 4 .8 1 8
3 2 4 .8 1 8  
2 3 .6 0 7  
.0001
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T yp e  III Sums o f  Squares
Source
Dependent: Total kcal/min - AC
1 5 8
d f Sum of Squares Mean Square F-Value P-Value
Gender 1 5 5 .3 3 8 5 5 .3 3 8 1 3 .8 2 9 .0 0 1 4
Subject (Group) 2 0 8 0 .0 3 4 4 .0 0 2
Intensity 3 5 8 .9 4 0 1 9 .6 4 7 1 6 7 .3 6 7 .0001
Intensity * Gend... 3 1 .1 7 8 .3 9 3 3 .3 4 4 .0 2 5 0
Intensity * Subj... 6 0 7 .0 4 3 .1 1 7
M eans Table
E ffect: In ten sity  * Gender 
D epend en t: T otal kcal/m in -  AC
7 0 , Males 
7 0 , Fem ales 
8 5 , Males 
8 5 , Fem ales 
1 0 0 , Males 
1 0 0 , Fem ales 
1 1 5 , Males 
1 1 5 , Fem ales
Count Mean Std. Dev. Std. Error
12 3 .9 5 4 .8 8 2 .2 5 5
10 2 .7 2 9 .5 5 2 .1 7 5
12 4 .8 3 4 1 .1 9 6 3 4 5
10 3 .1 3 9 .5 5 5 .1 7 6
12 5 .5 3 9 1 .3 3 7 .3 8 6
10 3 .9 4 7 ,5 4 9 .1 7 4
12 6 .4 6 6 1 .7 2 7 .4 9 9
1 0 4 .6 0 8 .4 8 3 .1 5 3
Com parison 1
E ffect: In ten sity  * Gender
D ependent: T otal kcal/m in -  AC
Com parison 2
E ffect: In tensity  * Gender
D ependent; T otal kcal/m in AC
Cell W eight Cell Weight
7 0 , Males 1 .0 0 0 8 5 , Males 1 .0 0 0
7 0 , Fem ales -1 .0 0 0 8 5 , Females -1 .0 0 0
df 1 df 1
Sum o f  Squares 8 .1 8 7 Sum o f Squares 1 5 .6 7 4
Mean Square 8 .1 8 7 Mean Square 1 5 .6 7 4
F-Value 6 9 .7 4 7 F-Value 1 3 3 .5 2 5
P-Value .0001 P-Value .0001
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 5 9
T yp e  III Sums o f Squares
Source i Mean Square F-Value P-Value
Gender 1 48 .4 0 1 48 .401 11 .671 .0 0 2 9
Subject(Group) 19 7 8 .7 9 4 4 .1 4 7
Intensity 3 5 4 .5 1 5 1 8 .1 7 2 1 5 0 .5 4 5 .0001
Intensity * Gend... 3 1 .2 3 9 .4 1 3 3 .4 2 3 .0231
Intensity * Subj... 57 6 .8 8 0 .121
Dependent: Total kcal/min - AC
M eans Table
Effect: In ten sity  * Gender 
D epend en t: Total kcal/m in - AC
7 0 , Males 
7 0 , Fem ales 
8 5 , Males 
8 5 , Fem ales 
1 0 0 , Males 
1 0 0 , Fem ales 
1 1 5 , Males 
1 1 5 , Fem ales
Count Mean Std. Dev. Std. Error
12 3 .9 5 4 .8 8 2 .2 5 5
9 2 .7 9 7 .5 4 0 .1 8 0
12 4 .8 3 4 1 .1 9 6 .3 4 5
9 3.211 .5 3 7 .1 7 9
12 5 .5 3 9 1 .3 3 7 .3 8 6
9 4 .0 2 0 .5 2 9 .1 7 6
12 6 .4 6 6 1 .7 2 7 .4 9 9
9 4 .6 3 0 .5 0 7 .1 6 9
Com parison 1
Effect: In ten sity  * Gender
D ependent: Total kcal/m in -  AC
1 0 0 , Males 





Sum o f  Squares 1 1 .8 6 9  
Mean Square 1 1 .8 6 9  
F-Value 9 8 .3 3 1  
P-Value .0001
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
T yp e  III Sums o f  Squares
Source ,
Dependent: Total kcal/min - AC
1 6 0
Mean Square F-Value P-Value
Gender 1 4 1 .7 2 7 4 1 .7 2 7 9 .9 8 4 .0 0 5 4
Subject(Group) 18 7 5 .2 2 7 4 .1 7 9
Intensity 3 5 1 .3 1 6 1 7 .1 0 5 1 3 8 .1 0 0 .0001
Intensity * Gend... 3 1 .0 1 9 .3 4 0 2 .741 .0521
Intensity * Subj... 54 6 .6 8 9 .1 2 4
M eans T able
E ffect: In ten sity  * Gender 
D epend en t: T otal kcal/m in -  AC
7 0 , Males 
7 0 , Fem ales 
8 5 , Males 
8 5 , Females 
1 0 0 , Males 
1 0 0 , Females 
1 1 5 , Males 
11 5, Fem ales
Count Mean Std. Dev. Std. Error
11 3.901 9 0 4 .2 7 3
9 2 .7 9 7 .5 4 0 .1 8 0
11 4 .751 1 .2 1 7 .3 6 7
9 3.211 .5 3 7 .1 7 9
11 5 .4 5 4 1 .3 6 7 .4 1 2
9 4 .0 2 0 .5 2 9 .1 7 6
11 6 .3 5 9 1 .7 7 0 .5 3 4
9 4 .6 3 0 .5 0 7 1 6 9
Com parison 1
E ffect: In ten sity  * Gender
D epend en t: T otal kcal/m in -  AC
1 1 5 , Males 










1 4 .7 9 9
1 4 .7 9 9
1 1 9 .4 8 3  
.0001
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
1 6 1
T y p e  III Sums o f Squares
Source d f Sum o f Squares Mean Square F-Value P-Value
Gender 1 2 3 9 .4 4 0 2 3 9 .4 4 0 1 1 .9 6 5 .0 0 2 5
Subject(Group) 2 0 4 0 0 .2 3 9 2 0 .0 1 2
Intensity 3 2 1 8 .9 3 8 7 2 .9 7 9 2 5 6 .5 1 2 .0001
Intensity * Gend... 3 1 0 .9 0 9 3 .6 3 6 12 .781 .0001
Intensity * Subj... 60 1 7 .0 7 0 .2 8 5
Dependent: Total kcal/min -  LC
M eans Table
E ffect: In ten sity  * Gender 
D epend en t: Total kcal/m in -  LC
70 , Males 
7 0 , Fem ales 
8 5 , Males 
8 5 , Fem ales 
1 0 0 , Males 
1 0 0 , Females 
1 1 5 , Males 
1 1 5 , Females
Count Mean Std. Dev. Std. Enor
12 8 .381 2 .0 8 0 .601
10 6 .0 7 4 .8 6 6 .2 7 4
12 1 0 .2 1 5 2 .6 2 4 .7 5 7
1 0 7 .1 1 4 1 .1 8 0 .3 7 3
12 11 .801 3 .1 8 9 .921
10 8 .1 9 7 1 .4 6 6 .4 6 4
12 1 3 .6 2 3 3 .3 4 0 .9 6 4
10 9 .3 8 4 1 .5 1 9 .4 8 0
Com parison 1
E ffect: In ten sity  * Gender
D epend en t: Total kcal/m in - LC
Com parison 2
Effect: In tensity  * Gender
D ependent: Total kcal/m in - LC
Cell W eight Cell Weight
7 0 , Males 1 .0 0 0 8 5 , Males 1 .0 0 0
7 0 , Fem ales -1 .0 0 0 8 5 , Females -1 .0 0 0
df 1 df 1
Sum o f  Squares 2 9 .0 2 6 Sum o f  Squares 5 2 .4 5 2
Mean Square 2 9 .0 2 6 Mean Square 5 2 .4 5 2
F-Value 1 0 2 .0 2 3 F-Value 1 8 4 .3 6 2
P-Value .0001 P-Value .0001
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
T yp e  III Sums o f  Squares
Source d f Sum of Squares
Dependent: Total kcal/min - LC
162
Mean Square F-Value P-Value
Gender 1 2 5 6 .2 3 7 2 5 6 .2 3 7 1 2 .7 3 5 .0 0 2 0
Subject(Group) 19 3 8 2 .3 0 1 2 0 .121
Intensity 3 2 1 3 .5 3 0 7 1 .1 7 7 2 4 3 .5 0 0 .0001
Intensity * Gend... 3 11 .231 3 .7 4 4 1 2 .8 0 8 .0001
Intensity * Subj... 57 16 .661 .2 9 2
M eans Table
E ffect: In ten sity  * Gender 
D ependent: T otal kcal/m in -  LC
7 0 , Males 
7 0 , Fem ales 
8 5 , Males 
8 5 , Fem ales 
1 0 0 , Males 
1 0 0 , Fem ales 
11 5, Males 
1 1 5 , Females
Count Mean Std. Dev. Std. Error
11 8 .5 2 4 2 .1 1 9 .6 3 9
10 6 .0 7 4 .8 6 6 .2 7 4
11 10 .391 2 .6 7 7 .8 0 7
10 7 .1 1 4 1 .1 8 0 .3 7 3
11 1 2 .0 1 5 3 .2 5 2 .981
10 8 .1 9 7 1 .4 6 6 .4 6 4
11 1 3 .8 2 7 3 .4 2 4 1 .0 3 2
10 9 .3 8 4 1 .5 1 9 .4 8 0
Com parison 1
E ffect: In ten sity  * Gender
D ependent: T otal kcal/m in
1 0 0 , Males 











7 6 .3 7 5
7 6 .3 7 5  
2 6 1 .2 8 2  
.0001
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Typ e  III Sums o f Squares
Source
Dependent: Total kcal/min - LC
1 6 3
d f Sum o f Squares Mean Square F-Value P-Value
Gender 1 2 7 8 .1 8 3 2 7 8 .1 8 3 1 3 .9 6 6 .0 0 1 5
Subject(Group) 18 3 5 8 .5 3 0 1 9 .9 1 8
Intensity 3 2 0 6 .1 7 4 6 8 .7 2 5 2 2 5 .3 1 3 .0001
intensity * Gend... 3 1 1 .2 6 6 3 .7 5 5 1 2 .3 1 2 .0001
Intensity * Subj... 5 4 16 .471 .3 0 5
M eans Table
E ffect: In ten sity  * Gender 
D epend en t: T otal kcal/m in -  LC
70 , Males 
7 0 , Fem ales 
8 5 , Males 
8 5 , Fem ales 
1 0 0 , Males 
1 0 0 , Fem ales 
1 1 5 , Males 
1 1 5 , Fem ales
Count Mean Std. Dev. Std. Error
10 8 .7 3 0 2 .1 1 4 .6 6 9
10 6 .0 7 4 .8 6 6 2 7 4
10 1 0 .6 0 9 2 .7 1 7 .8 5 9
10 7 .1 1 4 1 .1 8 0 .3 7 3
10 1 2 .2 7 2 3 .3 0 9 1 .0 4 6
10 8 .1 9 7 1 .4 6 6 .4 6 4
10 1 4 .0 7 6 3 .5 0 3 1 .1 0 8
10 9 .3 8 4 1 .5 1 9 4 8 0
Com parison 1
E ffect: In ten sity  * Gender
D epend en t: T otal kcal/m in
1 1 5 , Males 











1 1 0 .0 7 4
1 1 0 .0 7 4  
3 6 0 .8 7 9  
0001
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T y p e  III Sums o f  Squares
Source
Dependent: kcai/kg/m in - AC
164
d f Sum o f Squares Mean Square F-Value P-Value
Gender 1 .0 0 3 .0 0 3 5 .9 9 8 .0 2 3 7
SubJect(Group) 2 0 0 1 2 .001
Intensity 3 .0 1 3 .0 0 4 1 5 7 .2 8 0 .0001
Intensity * Gend... 3 1 .644E -4 5 .480E -5 2 .0 2 9 .1 1 9 5
Intensity * Subj... 6 0 .0 0 2 2 .701  E-5
M eans Table
E ffect: In tensity  * Gender 
D ependent: kcaJ/kg/m in -  AC
7 0 , Males 
7 0 , Fem ales 
8 5 , Males 
8 5 , Females 
1 0 0 , Males 
1 0 0 , Females 
1 1 5 , Males 
1 1 5 , Fem ales
Count Mean Std. Dev. Std. Error
12 .0 5 3 .011 .0 0 3
10 .0 4 5 .0 1 0 .0 0 3
12 .0 6 6 .0 1 3 .0 0 4
10 .051 .011 .0 0 3
12 .0 7 5 .0 1 4 .0 0 4
10 .0 6 3 .011 .0 0 3
12 .0 8 9 .0 1 8 .0 0 5
10 .0 7 4 .011 .0 0 3
Com parison 1
E ffect: In ten sity  * Gender
D ependent: k ca l/kg /m in  - AC
Com parison 2
E ffect: In tensity  * Gender
D ependent: k ca l/kg /m in  -  AC
Cell W eight Cell Weight
7 0 , Males 1 .0 0 0 8 5 , Males 1 .0 0 0
7 0 , Fem ales -1 .0 0 0 8 5 , Females -1 .0 0 0
df 1 df 1
Sum o f  Squares 3 .788E -4 Sum o f Squares .001
Mean Square 3 .788E -4 Mean Square .001
F-Value 1 4 .0 2 2 F-Value 4 4 .4 2 7
P-Value .0 0 0 4 P-Value .0001
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
1 6 5
T yp e  III Sums o f Squares
Source d f Sum o f Squares Mean Square F-Value P-Value
Gender 1 .0 0 3 .0 0 3 5 .3 0 3 .0 3 2 8
Subject(Group) 19 .0 1 2 .001
Intensity 3 .0 1 2 .0 0 4 1 4 3 .0 6 6 .0001
Intensity * Gend... 3 2 .008E -4 6 .693E -5 2 .4 7 0 .0 7 1 0
Intensity * Subj... 57 .0 0 2 2.71 OE-5
Dependent: kcal/kg/m in - AC
M eans Table
E ffect: In tensity  * Gender 
D ependent: k ca l/k g /m in  -  AC
7 0 , Males 
7 0 , Females 
8 5 , Males 
8 5 , Females 
1 0 0 , Males 
1 0 0 , Females 
1 1 5 , Males 
1 1 5 , Females
Count Mean Std. Dev. Std. Error
12 .0 5 3 .011 .0 0 3
9 .0 4 6 .0 1 0 .0 0 3
12 .0 6 6 .0 1 3 .0 0 4
9 .051 .0 1 2 .0 0 4
12 .0 7 5 .0 1 4 .0 0 4
9 .0 6 3 .011 .0 0 4
12 .0 8 9 .0 1 8 .0 0 5
9 .0 7 3 .011 .0 0 4
Com parison 1
E ffect: in ten sity  * Gender
D ependent: k ca l/kg /m in  -  AC
1 0 0 , Males 












2 5 .8 3 5
.0001
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
1 6 6
T y p e  ill Sums o f  Squares
Source d f Sum o f Squares Mean Square F-Value P-Value
Gender 1 .0 0 3 .0 0 3 4 .5 7 7 .0 4 6 4
Subject(Group) 1 8 .011 .001
Intensity 3 .011 .0 0 4 1 34 .0 5 1 .0001
Intensity * Gend... 3 2.1 53E-4 7 .175E -5 2 .541 .0 6 5 9
Intensity * Subj... 54 .0 0 2 2 .824E -5
Dependent: kcal/kg/m in - AC
M eans Table
E ffect: in ten sity  * Gender 
D ependent: k cal/kg/m in  -  AC
7 0 , Males 
7 0 , Females 
8 5 , Males 
8 5 , Females 
1 0 0 , Males 
1 0 0 , Fem ales 
1 1 5 , Males 
1 1 5 , Fem ales
Count Mean Std. Dev. Std. Error
11 .0 5 3 .011 .0 0 3
9 .0 4 6 .0 1 0 .0 0 3
11 .0 6 5 .0 1 4 .0 0 4
9 .051 .0 1 2 .0 0 4
11 .0 7 5 .0 1 5 .0 0 5
9 .0 6 3 .011 .0 0 4
11 .0 8 9 .0 1 9 .0 0 6
9 .0 7 3 .011 .0 0 4
Com parison 1
E ffect: In tensity  * Gender
D ependent: k ca l/kg /m in  -  AC
Cell W eight
1 1 5 , Males 
1 1 5 , Females
df









4 3 .5 2 9
.0001
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1 6 7
T yp e  III Sums o f Squares
Source d f Sum o f Squares Mean Square F-Value P-Value
Dependent: kcal/kg/m in - LC
Gender 1 .0 1 5 .0 1 5 5 .2 3 6 .0 3 3 2
Subject(Group) 2 0 .0 5 7 .0 0 3
Intensity 3 .0 4 6 .0 1 5 2 7 7 .3 3 1 .0001
Intensity * Gend... 3 .001 2 .962E -4 5 .3 1 8 .0 0 2 6
Intensity * Subj... 6 0 .0 0 3 5 .570E -5
M eans Table
E ffect: In ten sity  * Gender 
D ependent: k ca l/k g /m in  - LC
7 0 , Males 
7 0 , Females 
8 5 , Males 
8 5 , Females 
1 0 0 , Males 
1 0 0 , Fem ales 
1 1 5 , Males 
1 1 5 , Females
Count Mean Std. Dev. Std. Error
12 .1 1 6 .0 2 2 .0 0 6
10 .0 9 9 .0 1 7 .0 0 5
12 .1 4 0 .0 2 6 .0 0 7
10 .1 1 5 .0 2 2 .0 0 7
12 .1 6 2 .0 3 4 .0 1 0
10 .1 3 4 .0 2 6 .0 0 8
12 .1 8 7 .0 3 4 .0 1 0
10 .1 5 2 .0 3 0 .0 1 0
Com parison 1
E ffect: Intensity  * Gender
D ependent: k ca l/kg /m in  -  LC
Com parison 2
E ffect: Intensity  * Gender
D ependent: k ca l/k g /m in  -  LC
Cell Weight Cell Weight
7 0 , Males 1 .0 0 0 8 5 , Males 1 .0 0 0
70 , Fem ales -1 .0 0 0 85 , Females -1 .0 0 0
df 1 df 1
Sum o f  Squares .0 0 2 Sum o f Squares .0 0 3
Mean Square .0 0 2 Mean Square .0 0 3
F-Value 2 7 .7 4 8 F-Value 6 1 .2 0 3
P-Value .0001 P-Value .0001
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
1 6 8
T yp e  III Sums o f Squares
Source d f Sum o f Squares Mean Square F-Value P-Value
Gender 1 .0 1 5 .0 1 5 5 .0 9 4 .0 3 6 0
Subject(Group) 19 .0 5 6 .0 0 3
Intensity 3 .0 4 5 .0 1 5 2 5 5 .3 3 8 .0001
Intensity * Gend... 3 .001 2 .887E -4 4 .9 6 0 .0 0 4 0
Intensity * Subj... 57 .0 0 3 5.820E -5
Dependent: kcal/kg/m in - LC
M eans Table
E ffect: In tensity  * Gender 
D ependent: k ca l/k g /m in  -  LC
7 0 , Males 
7 0 , Females 
8 5 , Males 
8 5 , Females 
1 0 0 , Males 
1 0 0 , Females 
1 1 5 , Males 
1 1 5 , Females
Count Mean Std. Dev. Std. Error
11 .1 1 6 .0 2 2 .0 0 7
10 .0 9 9 .0 1 7 .0 0 5
11 .141 .0 2 7 .0 0 8
10 .1 1 5 .0 2 2 .0 0 7
11 .1 6 3 .0 3 6 .011
10 .1 3 4 .0 2 6 .0 0 8
11 .1 8 7 .0 3 6 .011
10 .1 5 2 .0 3 0 .0 1 0
Com parison 1
E ffect: In tensity  * Gender
D ependent: kca l/k g /m in  -  LC
1 0 0 , Males 





Sum o f  Squares .0 0 4  
Mean Square .0 0 4  
F-Value 7 4 .2 7 7  
P-Value .0001
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1 6 9
T yp e  III Sums o f  Squares
Source d f Sum o f Squares Mean Square F-Value P-Value
Gender 1 .0 1 6 .0 1 6 5 .0 7 7 .0 3 7 0
Subject(Group) 18 .0 5 6 .0 0 3
Intensity 3 .0 4 2 .0 1 4 2 3 1 .3 5 8 .0001
Intensity * Gend... 3 .001 2 .500E -4 4 .1 2 8 .0 1 0 4
Intensity * Subj... 54 .0 0 3 6 .056E -5
Dependent: kcal/kg/m in - LC
M eans Table
E ffect: In ten sity  * Gender 
D ependent: kca l/k g /m in  -  LC
7 0 , Males 
7 0 , Females 
85 , Males 
85 , Fem ales 
1 0 0 , Males 
1 0 0 , Females 
115 , Males 
1 1 5 , Fem ales
Count Mean Std. Dev. Std. Error
10 .1 1 8 .0 2 3 .0 0 7
10 .0 9 9 .0 1 7 .0 0 5
10 .1 4 2 .0 2 8 .0 0 9
10 .1 1 5 .0 2 2 .0 0 7
10 .1 6 4 .0 3 7 .0 1 2
10 .1 3 4 .0 2 6 .0 0 8
1 0 .1 8 8 .0 3 8 .0 1 2
1 0 .1 5 2 .0 3 0 .0 1 0
Com parison 1
E ffect: In ten sity  * Gender
D ependent: k ca l/k g /m in  -  LC
1 1 5 , Males 





Sum o f  Squares .0 0 6  
Mean Square .0 0 6  
F-Value 1 0 7 .0 0 9  
P-Value .0001
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1 7 0
Typ e III Sums o f Squares
Source df Sum o f Squares Mean Square F-Value P-Value
Gender 1 .0 0 2 .0 0 2 2 .3 8 6 .1381
Subject (Group) 20 .0 1 4 .001
Intensity 3 .0 1 9 .0 0 6 2 0 4 .2 2 5 .0001
Intensity * Gend... 3 1 .077E -4 3.590E -5 1 .1 6 6 .3 3 0 3
Intensity * Subj... 6 0 .0 0 2 3.079E -5
Dependent: kcal/kg FFM/min - AC
Means Table
Effect: Intensity * Gender 
D ependent: kcal/kg  FFM/min - AC
7 0 , Males 
7 0 , Females 
8 5 , Males 
85 , Females 
1 0 0 , Males 
1 0 0 , Females 
11 5, Males 
1 1 5 , Females
Count Mean Std. Dev. Std. Error
12 .0 6 3 .011 .0 0 3
10 .0 5 6 .0 1 0 .0 0 3
12 .0 7 7 .0 1 5 .0 0 4
10 .0 6 4 .0 1 0 .0 0 3
12 .0 8 8 .0 1 7 .0 0 5
10 .081 .0 0 9 .0 0 3
12 .1 0 3 .0 2 2 .0 0 6
10 .0 9 5 .0 1 0 .0 0 3
Comparison 1
Effect: Intensity * Gender
D ependent: kcal/kg  FFM/min - AC
Comparison 2
Effect: Intensity * Gender
Dependent: kcal/kg FFM/min - AC
Cell Weight Cell Weight
7 0 , Males 1 .0 0 0 8 5 , Males 1 .0 0 0
7 0 , Females -1 .0 0 0 8 5 , Females -1 .0 0 0
df 1 df 1
Sum o f Squares 2 .622E -4 Sum of Squares .001
Mean Square 2 .622E -4 Mean Square .001
F-Value 8 .5 1 5 F-Value 2 7 .8 9 8
P-Value .0 0 5 0 P-Value .0001
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
1 7 1
T y p e  III Sums o f Squares
Source d f Sum o f Squares Mean Square F-Value P-Value
Gender 1 .0 0 2 .0 0 2 2 .3 8 6 .1 3 8 9
Subject(Group) 19 .0 1 4 .001
Intensity 3 .0 1 7 .0 0 6 2 0 3 .3 9 7 0001
Intensity * Gend... 3 9 .869E -5 3 .290E -5 1.191 .3 2 1 3
Intensity * Subj... 57 .0 0 2 2 .762E -5
Dependent: kcal/kg FFM/min - AC
M eans Table
E ffect: In ten sity  * Gender 
D ependent: kca l/kg  FFM/min -  AC
70 , Males 
70 , Females 
85 , Males 
8 5 , Fem ales 
10 0 , Males 
10 0 , Females 
1 1 5 , Males 
1 1 5 , Females
Count Mean Std. Dev. Std. Error
12 .0 6 3 .011 .0 0 3
9 .0 5 6 .011 .0 0 4
12 .0 7 7 .0 1 5 .0 0 4
9 .0 6 4 .011 .0 0 4
12 .0 8 8 .0 1 7 .0 0 5
9 .0 8 0 .0 0 9 .0 0 3
12 .1 0 3 .0 2 2 .0 0 6
9 .0 9 3 .0 0 9 .0 0 3
Com parison 1
E ffect: In ten sity  * Gender
D ependent: kcal/kg  FFM/min -  AC
1 0 0 , Males 





Sum o f  Squares 3 .111  E-4 
Mean Square 3 .111  E-4 
F-Value 1 1 .2 6 5  
P-Value .0 0 1 4
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
1 7 2
T yp e  III Sums o f Squares
Source d f Sum o f Squares Mean Square F-Value P-Value
Gender 1 .0 0 2 .0 0 2 2 .0 4 7 .1 6 9 7
Subject(Group) 18 .0 1 4 .001
Intensity 3 .0 1 6 .0 0 5 1 8 5 .2 5 8 .0001
Intensity * Gend... 3 8 .653E -5 2 .884E -5 .9 9 4 .4 0 2 7
Intensity * Subj... 54 .0 0 2 2 .902E -5
Dependent: kcal/kg FFM/min - AC
M eans Table
E ffect: In ten sity  * Gender 
D ependent: k ca l/k g  FFM/min - AC
7 0 , Males 
7 0 , Fem ales 
8 5 , Mates 
8 5 , Females 
1 0 0 , Males 
1 0 0 , Fem ales 
1 1 5 , Males 
1 1 5 , Females
Count Mean Std. Dev. Std, Error
11 .0 6 3 .0 1 2 .0 0 4
9 .0 5 6 .011 .0 0 4
11 .0 7 6 .0 1 5 .0 0 5
9 .0 6 4 .011 .0 0 4
11 .0 8 8 .0 1 8 .0 0 5
9 .0 8 0 .0 0 9 .0 0 3
11 1 0 2 .0 2 3 .0 0 7
9 .0 9 3 .0 0 9 .0 0 3
Com parison 1
E ffect: In ten sity  * Gender
D ependent: kcal/kg  FFM/min -  AC
1 1 5 , Males 










4 .587E -4  
4 .5 8 7 E -4  
1 5 .8 0 9  
.0002
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T y p e  III Sums o f  Squares
Source df Sum o f Squares Mean Square F-Value P-Value
Gender 1 .0 0 6 .0 0 6 1 .3 9 6 .2 5 1 3
Subject(Group) 2 0 .0 8 9 .0 0 4
Intensity 3 .0 6 8 .0 2 3 2 9 4 .4 6 7 .0001
Intensity * Gend... 3 .001 2 .051  E-4 2 .681 .0 5 4 8
Intensity * Subj... 6 0 .0 0 5 7 .650E -5
Dependent; kcal/kg FFM/min - LC
M eans Table
E ffect: In tensity  * Gender 
D ependent: k ca l/k g  FFM/min -  LC
7 0 , Males 
7 0 , Females 
8 5 , Males 
8 5 , Females 
1 0 0 , Males 
1 0 0 , Fem ales 
1 1 5 , Males 
1 1 5 , Fem ales
Count Mean Std. Dev. Std. Error
12 .1 3 4 .0 2 6 .0 0 8
10 .1 2 5 021 .0 0 7
12 .1 6 2 .0 3 5 .0 1 0
10 .1 4 7 .0 2 8 .0 0 9
12 .1 8 8 .0 4 2 .0 1 2
10 .1 6 9 .0 3 4 .011
12 .2 1 7 .0 4 3 .0 1 3
10 .1 9 3 .0 3 5 .011
Com parison 1
E ffect: In tensity  * Gender
D ependent: kcal/kg  FFM/min -  LC
Comparison 2
E ffect: Intensity  * Gender
D ependent; kca l/kg  FFM/min -  LC
Cell Weight Cell Weight
7 0 , Males 1 .0 0 0 8 5 , Males 1 .0 0 0
7 0 , Females -1 .0 0 0 8 5 , Females -1 .0 0 0
df 1 df 1
Sum o f  Squares 4 .484E -4 Sum o f Squares .001
Mean Square 4 .4 8 4 E -4 Mean Square .001
F-Value 5 .8 6 2 F-Value 1 8 .2 5 4
P-Value .0 1 8 5 P-Value 0001
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1 7 4
T yp e  III Sums o f Squares
Source df Sum o f Squares Mean Square F-Value P-Value
Gender 1 .0 0 7 .0 0 7 1 .6 0 7 .2 2 0 3
Subject(Group) 19 .0 8 7 .0 0 5
Intensity 3 .0 6 5 .0 2 2 2 7 6 .7 3 3 .0001
Intensity * Gend... 3 .001 2 .133E -4 2 .7 1 2 .0 5 3 4
Intensity * Subj... 57 .0 0 4 7 .867E -5
Dependent: kcal/kg FFM/min - LC
M eans Table
E ffect: In tensity  * Gender 
D ependent: kca l/kg  FFM/min -  LC
7 0 , Males 
7 0 , Fem ales 
8 5 , Males 
8 5 , Females 
1 0 0 , Males 
1 0 0 , Females 
11 5, Males 
1 1 5 , Females
Count Mean Std. Dev. Std. Error
11 .1 3 5 .0 2 7 .0 0 8
10 .1 2 5 .021 .0 0 7
11 .1 6 5 .0 3 6 .011
10 .1 4 7 .0 2 8 .0 0 9
11 .1 9 0 .0 4 3 .0 1 3
10 .1 6 9 .0 3 4 .011
11 .2 1 8 .0 4 5 .0 1 4
10 .1 9 3 .0 3 5 .011
Com parison 1
E ffect; In ten sity  * Gender
D ependent: kcal/kg  FFM/min LC
1 0 0 , Males 





Sum o f  Squares .0 0 2  
Mean Square .0 0 2  
F-Value 2 9 .9 2 4  
P-Value .0001
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T yp e  III Sums o f  Squares
Source d f Sum o f Squares Mean Square F-Value P-Value
Gender 1 .0 0 9 .0 0 9 1.981 .1 7 6 3
Subject(Group) 18 .0 8 4 .0 0 5
Intensity 3 .0 6 3 .021 2 5 3 .3 1 0 .0001
Intensity * Gend... 3 .001 2 .164E -4 2 .621 .0 6 0 0
Intensity * Subj... 5 4 .0 0 4 8 .259E -5
Dependent: kcal/kg FFM/min - LC
M eans Table
E ffect: in ten sity  * Gender 
D ependent: kca l/kg  FFM/min -  LC
70 , Males 
7 0 , Fem ales 
8 5 , Males 
85 , Females 
1 0 0 , Males 
1 0 0 , Females 
1 1 5 , Males 
1 1 5 , Fem ales
Count Mean Std. Dev. Std. Error
10 .1 3 8 .0 2 7 .0 0 9
10 .1 2 5 .021 .0 0 7
10 .1 6 7 .0 3 7 .0 1 2
10 .1 4 7 .0 2 8 .0 0 9
10 .1 9 3 .0 4 4 .0 1 4
10 .1 6 9 .0 3 4 .011
10 .221 .0 4 7 .0 1 5
10 .1 9 3 .0 3 5 .011
Com parison 1
E ffect: in ten sity  * Gender
D ependent: kcal/kg  FFM/min LC
1 1 5 , Males 





Sum o f  Squares .0 0 4  
Mean Square .0 0 4  
F-Value 4 8 .8 2 9  
P-Value .0001
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Type III Sums o f Squares
Source df Sum of Squares Mean Square
Dependent: kcal CHO/kg/min - AC
1 7 6
F-Value P-Value
Gender 1 .0 0 7 .007 11 .375 .0 0 3 0
Subject(Group) 20 .012 .001
Intensity 3 .0 1 8 .0 0 6 1 2 0 .9 5 4 .0001
Intensity * Gend... 3 2.840E -4 9.465E -5 1 .912 .1 3 7 3
Intensity * Subj... 60 .003 4.952E -5
Means Table
Effect: Intensity * Gender 
Dependent: kcal CHO/kg/min - AC
70, Males 
70 , Females 
85 , Males 





Count Mean Std. Dev. Std. Error
12 .0 3 6 .0 1 2 .003
10 .023 .0 0 7 .002
12 .0 5 0 .015 .004
10 .0 3 0 .007 .002
12 .061 .0 1 4 .0 0 4
10 .0 4 4 .012 .0 0 4
12 .0 7 9 .019 .006
10 .057 .017 .005
Comparison 1
Effect: Intensity * Gender
Dependent: kcal CHO/kg/min - AC
Cell Weight
Comparison 2
Effect: Intensity * Gender
Dependent: kcal CHO/kg/min - AC
Cell Weight
70, Males 1 .000 8 5 , Males 1 .0 0 0
70, Females -1 .0 0 0 85 , Females -1 .0 0 0
df 1 df 1
Sum of Squares .001 Sum of Squares .002
Mean Square .001 Mean Square .002
F-Value 1 7 .8 5 6 F-Value 4 1 .7 7 9
P-Value .0001 P-Value .0001
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1 7 7
T y p e  III Sums o f Squares
Source ( Mean Square F-Value P-Value
Gender 1 .0 0 8 .0 0 8 1 3 .6 3 5 .0 0 1 5
Subject(Group) 19 .011 .001
Intensity 3 .0 1 5 .0 0 5 1 5 6 .6 5 9 .0001
Intensity * Gend... 3 .001 1 .784E -4 5 .6 2 7 .0 0 1 9
Intensity * Subj... 57 .0 0 2 3 .171E -5
Dependent: kcal CHO/kg/min - AC
M eans Table
E ffect: In ten sity  * Gender 
D ependent: kcal CH O /kg/m in -  AC
7 0 , Males 
7 0 , Females 
8 5 , Males 
8 5 , Fem ales 
1 0 0 , Males 
1 0 0 , Females 
1 1 5 , Males 
1 1 5 , Fem ales
Count Mean Std. Dev. Std. Error
12 .0 3 6 .0 1 2 .0 0 3
9 .0 2 3 .0 0 7 .0 0 2
12 .0 5 0 .0 1 5 .0 0 4
9 .0 3 0 .0 0 8 .0 0 3
12 .061 .0 1 4 .0 0 4
9 .0 4 2 .0 1 0 .0 0 3
12 .0 7 9 .0 1 9 .0 0 6
9 .0 5 2 .0 1 0 .0 0 3
Com parison 1
E ffect: In ten sity  * Gender
D ependent: kcal CH O /kg/m in AC
Cell Weight
1 0 0 , Males 
1 0 0 , Females
df









5 5 .8 7 7
.0001
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T y p e  III Sums o f  Squares
Source d f Sum of Squares
Dependent: kcal CHO/kg/min - AC
1 7 8
Mean Square F-Value P-Value
Gender 1 .0 0 7 .0 0 7 11 .771 .0 0 3 0
Subject(Group) 18 .0 1 0 .001
Intensity 3 .0 1 4 .0 0 5 1 4 4 .4 5 3 .0001
Intensity * Gend... 3 4 .682E -4 1.561 E-4 4 .7 8 4 .0 0 5 0
Intensity * Subj... 54 .0 0 2 3 .262E -5
M eans Table
E ffect: In ten sity  * Gender 
D epend en t: kcal CH O /kg/m in -  AC
7 0 , Males 
7 0 , Fem ales 
85 , Males 
85 , Females 
1 00 , Males 
1 0 0 , Fem ales 
1 1 5 , Males 
1 1 5 , Fem ales
Count Mean Std. Dev. Std. Error
11 .0 3 5 .0 1 2 .0 0 4
9 .0 2 3 .0 0 7 .0 0 2
11 .0 4 9 .0 1 5 .0 0 5
9 .0 3 0 .0 0 8 .0 0 3
11 .0 6 0 .0 1 5 .0 0 5
9 .0 4 2 .0 1 0 .0 0 3
11 .0 7 8 .0 1 9 .0 0 6
9 .0 5 2 .0 1 0 .0 0 3
Com parison 1
E ffect: In ten sity  * Gender
D ependent: kcal CH O /kg/m in - AC
1 1 5 , Males 





Sum o f  Squares .0 0 3  
Mean Square .0 0 3  
F-Value 9 8 .5 3 5  
P-Value .0001
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1 7 9
T y p e  III Sums o f  Squares
Source df Sum o f Squares Mean Square F-Value P-Value
Gender 1 4 .3 8 1  E-4 4 .381  E-4 2 .0 2 3 .1 7 0 4
Subject(Group) 2 0 .0 0 4 2 .166E -4
Intensity 3 4 .724E -4 1 .575E -4 7 .8 4 6 .0 0 0 2
Intensity * Gend... 3 1 .045E -4 3 .485E -5 1 .7 3 7 .1691
Intensity * Subj... 6 0 .001 2 .007E -5
Dependent: kcal FAlVkg/m in - AC
M eans Table
E ffect: In ten sity  * Gender 
D ependent: kcal FA T/kg/m in -  AC
7 0 , Males 
7 0 , Fem ales 
8 5 , Males 
8 5 , Females 
1 0 0 , Males 
1 0 0 , Fem ales 
1 1 5 , Males 
1 1 5 , Fem ales
Count Mean Std. Dev. Std. Error
12 .0 1 9 .0 0 6 .0 0 2
1 0 .021 .0 0 6 .0 0 2
12 .0 1 7 .0 0 6 .0 0 2
10 .0 2 0 .0 0 7 .0 0 2
12 0 1 5 .0 0 6 .0 0 2
10 .0 1 9 .011 .0 0 4
12 .0 1 0 .0 0 8 .0 0 2
1 0 .0 1 8 .0 1 4 .0 0 4
Com parison 1
E ffect: In ten sity  * Gender
D ependent: kcal FA T /kg/m in - AC
Comparison 2
E ffect: In tensity  * Gender
D ependent: kcal FA T/kg/m in - AC
Cell Weight Cell Weight
7 0 , Males 1 .0 0 0 8 5 , Males 1 .0 0 0
7 0 , Females -1 .0 0 0 8 5 , Females -1 .0 0 0
df 1 df 1
Sum o f Squares 3 .181E -5 Sum o f Squares 7 .481  E-5
Mean Square 3 .181E -5 Mean Square 7 .481  E-5
F-Value 1 .5 8 5 F-Value 3 .7 2 8
P-Value .2 1 2 9 P-Value .0 5 8 3
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1 8 0
T y p e  III Sums o f Squares
Source d f Sum o f Squares Mean Square F-Value P-Value
Gender 1 .001 .001 4 .7 1 8 .0 4 2 7
Subject(Group) 19 .0 0 3 1 .696E -4
Intensity 3 2 .459E -4 8 .196E -5 7 .3 3 4 .0 0 0 3
Intensity * Gend... 3 2 .281  E-4 7 .603E -5 6 .8 0 3 .0 0 0 5
Intensity * Subj... 57 .001 1 .118E -5
Dependent: kcal FAT/kg/min - AC
M eans Table
E ffect: In ten sity  * Gender 
D ependent: kcal FA T/kg/m in -  AC
70 , Males 
7 0 , Females 
8 5 , Males 
8 5 , Females 
1 0 0 , Males 
1 0 0 , Females 
1 1 5 , Males 
1 1 5 , Fem ales
Count Mean Std. Dev. Std. Error
12 .0 1 9 .0 0 6 .0 0 2
9 .021 .0 0 7 .0 0 2
12 .0 1 7 .0 0 6 .0 0 2
9 .021 .0 0 7 .0 0 2
12 .0 1 5 .0 0 6 .0 0 2
9 .021 .0 0 9 .0 0 3
12 .0 1 0 .0 0 8 .0 0 2
9 .021 .0 0 9 .0 0 3
Com parison 1
E ffect: In ten sity  * Gender
D ependent: kcal FA T/kg/m in AC
1 0 0 , Males 











1 .8 9  IE-4  
1 6 .9 2 2  
.0001
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1 8 1
T yp e  III Sums o f  Squares
Source df Sum o f Squares Mean Square F-Value P-Value
Gender 1 .001 .001 3.731 .0 6 9 3
Subject(Group) 18 .0 0 3 1 .682E -4
Intensity 3 2 .190E -4 7.301  E-5 6 .4 6 2 .0 0 0 8
Intensity * Gend... 3 2 .029E -4 6 .763E -5 5 .9 8 6 .0 0 1 3
Intensity * Subj... 54 .001 1 .130E -5
Dependent: kcal FAlr/kg/m in - AC
M eans Table
Effect: In ten sity  * Gender 
D epend en t: kcal FA T/kg/m in -  AC
70 , Males 
70 , Females 
8 5 , Males 
8 5 , Fem ales 
1 0 0 , Males 
1 0 0 , Females 
11 5, Males 
11 5, Females
Count Mean Std. Dev. Std. Error
11 .0 1 9 .0 0 5 .0 0 2
9 .021 0 0 7 .0 0 2
11 .0 1 7 .0 0 6 .0 0 2
9 .021 .0 0 7 .0 0 2
11 .0 1 6 .0 0 7 .0 0 2
9 .021 .0 0 9 .0 0 3
11 .011 .0 0 8 .0 0 2
9 .021 .0 0 9 .0 0 3
Ccmiparison 1
E ffect: In ten sity  * Gender
D ependent: kcal FA T/kg/m in AC
1 1 5 , Males 





Sum o f Squares .001  
Mean Square .001  
F-Value 4 9 .8 8 7  
P-Value .0001
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T y p e  III Sums o f Squares
Source d f Sum o f Squares
D ependent: kcal CHO/kg/min - LC
1 8 2
Mean Square F-Value P-Value
Gender 1 .0 2 7 .0 2 7 1 3 .0 0 7 .0 0 1 8
Subject(Group) 20 .0 4 2 .0 0 2
Intensity 3 .0 5 3 .0 1 8 1 8 5 .1 9 2 .0001
Intensity * Gend... 3 .0 0 2 .001 8 .1 7 6 .0001
Intensity * Subj... 6 0 .0 0 6 9 .609E -5
M eans Table
E ffect: In ten sity  * Gender 
D epend en t: kcal CH O /kg/m in - LC
7 0 , Males 
7 0 , Fem ales 
8 5 , Males 
8 5 , Fem ales 
1 0 0 , Males 
1 0 0 , Females 
1 1 5 , Males 
1 1 5 , Females
Count Mean Std. Dev, Std. Error
12 .0 7 2 .021 .0 0 6
1 0 .051 .0 1 2 .0 0 4
12 .0 9 9 .0 2 5 .0 0 7
10 .0 6 6 .0 1 4 .0 0 4
12 .1 2 3 .0 3 4 .0 1 0
10 .0 8 3 .0 1 8 .0 0 6
12 .1 5 3 .0 3 5 .0 1 0
10 .1 0 4 .0 2 2 .0 0 7
Com parison 1
E ffect: In ten sity  * Gender
D ependent: kcal CH O /kg/m in -  LC
Com parison 2
E ffect: In ten sity  * Gender
D ependent: kcal CHO/kg/m in LC
Cell Weight Cell Weight
7 0 , Males 1 .0 0 0 8 5 , Males 1 .0 0 0
7 0 , Fem ales -1 .0 0 0 8 5 , Females -1 .0 0 0
df 1 df 1
Sum o f  Squares .0 0 2 Sum of Squares .0 0 6
Mean Square .0 0 2 Mean Square .0 0 6
F-Value 2 3 .4 0 9 F-Value 6 0 .1 8 8
P-Value .0001 P-Value 0 0 0 1
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T y p e  III Sums o f  Squares
Source d f Sum o f Squares
D ependent; kcal CHO/kg/min - LC
1 8 3
Mean Square F-Value P-Value
Gender 1 .0 2 2 .0 2 2 11 .131 .0 0 3 5
Subject(Group) 19 .0 3 8 .0 0 2
Intensity 3 .0 4 9 .0 1 6 1 8 3 .5 7 7 .0001
Intensity * Gend... 3 .0 0 2 .001 6 .8 5 3 .0 0 0 5
Intensity * Subj... 57 .0 0 5 8 .897E -5
M eans Table
E ffect: In ten sity  * Gender 
D epend en t; kcal CH O /kg/m in -  LC
7 0 , Males 
7 0 , Females 
85 , Males 
8 5 , Females 
1 0 0 , Males 
1 0 0 , Fem ales 
1 1 5 , Males 
1 1 5 , Females
Count Mean Std. Dev. Std. Error
11 .0 7 0 .021 .0 0 6
1 0 .051 .0 1 2 .0 0 4
11 .0 9 7 .0 2 6 .0 0 8
10 ,0 6 6 .0 1 4 .0 0 4
11 .1 2 0 .0 3 4 .0 1 0
10 .0 8 3 .0 1 8 .0 0 6
11 .1 4 8 .0 3 3 .0 1 0
10 .1 0 4 .0 2 2 .0 0 7
Com parison 1
E ffect: In ten sity  * Gender
D ependent: kcal CH O /kg/m in -  LC
Cell W eight
1 0 0 , Males 




Sum o f  Squares .0 0 7  
Mean Square .0 0 7  
F-Value 8 0 .6 3 7  
P-Value .0001
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1 8 4
Typ e  III Sums o f  Squares
Source Mean Square F-Value P-Value
Gender 1 .0 2 0 0 2 0 9 .6 2 5 .0061
Subject(Group) 18 .0 3 8 .0 0 2
Intensity 3 .0 4 4 .0 1 5 2 0 3 .7 9 6 .0001
Intensity * Gend... 3 .001 4 .120E -4 5 .7 5 7 .0 0 1 7
Intensity * Subj... 5 4 .0 0 4 7 .156E -5
Dependent: kcal CHO/kg/min - LC
M eans Table
E ffect: In ten sity  * Gender 
D epend en t: kcal CH O /kg/m in -  LC
7 0 , Males 
7 0 , Fem ales 
8 5 , Males 
8 5 , Fem ales 
1 0 0 , Males 
1 0 0 , Fem ales 
11 5, Males 
11 5, Fem ales
Count Mean Std. Dev. Std. Error
10 .071 .0 2 2 .0 0 7
10 .051 .0 1 2 .0 0 4
10 .0 9 7 .0 2 7 .0 0 9
10 .0 6 6 .0 1 4 .0 0 4
10 .1 1 9 .0 3 6 .011
1 0 .0 8 3 .0 1 8 .0 0 6
1 0 .1 4 5 .0 3 2 .0 1 0
1 0 .1 0 4 .0 2 2 .0 0 7
Com parison 1
E ffect; In ten sity  * Gender
D epend en t: kcal CHO /kg/m in -  LC
Cell W eight
1 1 5 , Males 
1 1 5 , Fem ales
df









1 1 6 .1 9 3
.0001
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1 8 5
Type ill Sums o f Squares
Source i Mean Square F-Value P-Value
Gender 1 .002 .002 .966 .3374
Subject(Group) 20 .033 .002
Intensity 3 2 .42  IE-4 8.070E-5 1 .638 .1901
Intensity * Gend... 3 2.869E-4 9.564E-5 1.941 .1325
Intensity * Subj... 60 .003 4.926E-5
Dependent: kcal FAT/kg/min - LC
Means Table
Effect: Intensity * Gender 









Count Mean Std. Dev. Std. Error
12 .044 .016 .005
10 .047 .016 .005
12 .042 .019 .005
10 .049 .018 .006
12 .039 .024 .007
10 .049 .021 .007
12 .035 .029 .008
10 .048 .021 .007
Comparison 1
Effect: Intensity * Gender
Dependent: kcal FAT/kg/min - LC
Cell Weight
Comparison 2
Effect: Intensity * Gender
Dependent: kcal FAT/kg/min - LC
Cell Weight
70, Males 1.000 85 , Males 1 .000
70 , Females -1 .000 85 , Females -1 .000
df 1 df 1
Sum of Squares 6.097E-5 Sum of Squares 2.842E-4
Mean Square 6.097E-5 Mean Square 2.842E-4
F-Value 1.238 F-Value 5 .7 6 9
P-Value .2704 P-Value .0194
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T y p e  III Sums o f  Squares
Source ,
Dependent: kcal FAT/kg/min - LC
1 8 6
Mean Square F-Value P-Value
Gender 1 .001 .001 .411 .5291
Subject(Group) 19 .0 2 7 .001
Intensity 3 1 .148E -4 3 .826E -5 .9 4 3 .4 2 5 7
Intensity * Gend... 3 1 .390E -4 4 .635E -5 1 .1 4 3 .3 3 9 6
Intensity * Subj... 57 .0 0 2 4 .055E -5
M eans Table
E ffect: In ten sity  * Gender 
D ependent: kcal FA T/kg/m in -  LC
70 , Males 
7 0 , Fem ales 
8 5 , Males 
8 5 , Fem ales 
1 0 0 , Males 
1 0 0 , Fem ales 
1 1 5 , Males 
1 1 5 , Fem ales
Count Mean Std. Dev. Std. Error
11 .0 4 5 .0 1 6 .0 0 5
10 .0 4 7 .0 1 6 .0 0 5
11 .0 4 4 .0 1 8 .0 0 5
10 .0 4 9 .0 1 8 .0 0 6
11 .0 4 3 .021 .0 0 6
10 .0 4 9 .021 .0 0 7
11 .0 3 9 .0 2 5 .0 0 8
10 .0 4 8 .021 .0 0 7
Com parison 1
E ffect: In tensity  * G ender
D ependent: kcal FA T/kg/m in -  LC
Cell W eight
1 0 0 , Males 
1 0 0 , Fem ales
d f









5 .9 0 3
0 1 8 3
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1 8 7
T yp e  III Sums o f  Squares
Source df Sum of Squares Mean Square F-Value P-Value
Gender 1 1 .749E -4 1 .749E -4 .1 2 7 .7 2 6 0
Subject(Group) 1 8 .0 2 5 .001
Intensity 3 2 .3 1 4E-5 7 .7 1 4E-6 .331 .8 0 2 8
Intensity * Gend... 3 3 .733E -5 1.244E -5 .5 3 4 .6 6 0 8
Intensity * Subj... 54 .001 2 .329E -5
Dependent: kcal FAlr/kg/m in - LC
M eans Table
E ffect: In ten sity  * Gender 
D epend en t: kcal FA T/kg/m in -  LC
7 0 , Males 
70 , Fem ales 
8 5 , Males 
8 5 , Fem ales 
1 0 0 , Males 
1 0 0 , Fem ales 
1 1 5 , Males 
1 1 5 , Fem ales
Count Mean Std. Dev. Std. Error
1 0 .0 4 6 .0 1 6 .0 0 5
1 0 .0 4 7 .0 1 6 .0 0 5
1 0 .0 4 5 .0 1 8 .0 0 6
10 .0 4 9 .0 1 8 .0 0 6
1 0 .0 4 5 .0 2 0 .0 0 6
10 .0 4 9 .021 .0 0 7
10 .0 4 4 .0 2 0 .0 0 6
10 .0 4 8 .021 .0 0 7
Com parison 1
E ffect: In ten sity  * Gender
D ependent: kcal FA T/kg/m in -  LC
1 1 5 , Males 





Sum o f Squares 5 .986E -5  
Mean Square 5 .986E -5  
F-Value 2 .5 7 0  
P-Value .1 1 4 7
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Type III Sums o f Squares
Source df Sum of Squares Mean Square F-Value P-Value
Gender 1 .005 .005 7 .2 3 9 .0141
Subj ect( Group) 20 .015 .001
Intensity 3 .027 .009 103.561 .0001
intensity * Gend... 3 2.267E-4 7.557E-5 .8 7 6 .4 5 8 9
intensity * Subj... 60 .005 8.632E-5
1 8 8
Dependent: kcal CHO/kg FFM/min - AC
Means Table
Effect: intensity * Gender 
Dependent: kcal CHO/kg FFM/min - AC
70, Males 
70 , Females 
85 , Males 





Count Mean Std. Dev. Std. Error
12 .041 .012 .003
10 .029 .007 .002
12 .057 .0 1 6 .005
10 .038 .0 0 8 .003
12 .070 .016 .005
10 .057 .016 .005
12 .091 .022 .006
10 .072 .022 .007
Comparison 1
Effect: Intensity * Gender
Dependent: kcal CHO/kg FFM/min - AC
Comparison 2
Effect: Intensity * Gender
Dependent: kcal CHO/kg FFM/min - AC
Cell Weight Cell Weight
70, Males 1 .0 0 0 85, Males 1 .000
70, Females -1 .0 0 0 85 , Females -1 .0 0 0
df 1 df 1
Sum of Squares .001 Sum of Squares .002
Mean Square .001 Mean Square .002
F-Value 9 .082 F-Value 2 2 .3 9 4
P-Value .0 0 3 8 P-Value .0001
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1 8 9
Typ e  III Sums o f  Squares
Source Mean Square F-Value P-Value
Gender 1 .0 0 7 .0 0 7 1 0 .6 0 2 .0 0 4 2
Subject(Group) 19 .0 1 3 .001
Intensity 3 .0 2 2 0 0 7 1 3 9 .3 4 4 .0001
Intensity * Gend... 3 .001 1 .684E -4 3 .2 1 8 .0 2 9 4
Intensity * Subj... 57 .0 0 3 5 .233E -5
Dependent: kcal CHO/kg FFM/min - AC
M eans Table
E ffect: In ten sity  * Gender 
D epend en t: kcal CHO/kg FFM/min -  AC
7 0 , Males 
7 0 , Fem ales 
8 5 , Males 
8 5 , Fem ales 
1 0 0 , Males 
1 0 0 , Fem ales 
11 5, Males 
1 1 5 , Females
Count Mean Std. Dev. Std. Error
12 .041 .0 1 2 .0 0 3
9 .0 2 9 .0 0 7 .0 0 2
12 .0 5 7 .0 1 6 .0 0 5
9 .0 3 7 .0 0 8 .0 0 3
12 .0 7 0 .0 1 6 .0 0 5
9 .0 5 3 .0 1 2 .0 0 4
12 .091 .0 2 2 .0 0 6
9 .0 6 6 .011 .0 0 4
Com parison 1
E ffect: In ten sity  * Gender
D ependent: kcal CHO/kg FFM/min AC
1 0 0 , Males 





Sum o f Squares .001  
Mean Square .001  
F-Value 2 7 .3 9 2  
P-Value .0001
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1 9 0
T y p e  III Sums o f  Squares
Source Mean Square F-Value P-Value
Gender 1 .0 0 6 .0 0 6 9 .0 2 9 .0 0 7 6
Subject(Group) 18 .0 1 2 .001
Intensity 3 .021 .0 0 7 1 2 7 .7 7 2 .0001
Intensity * Gend... 3 4 .376E -4 1 .459E -4 2 .6 8 7 .0 5 5 5
Intensity * Subj... 54 .0 0 3 5 .429E -5
D ependent: kcal CHO/kg FFM/min - AC
M eans Table
E ffect: In ten sity  * Gender 
D epend en t: kcal CHO/kg FFM/min - AC
7 0 , Males 
7 0 , Fem ales 
8 5 , Males 
8 5 , Fem ales 
1 0 0 , Males 
1 0 0 , Females 
1 1 5 , Males 
1 1 5 , Females
Count Mean Std. Dev. Std. Error
11 .0 4 0 .0 1 2 .0 0 4
9 .0 2 9 .0 0 7 0 0 2
11 .0 5 6 .0 1 6 .0 0 5
9 .0 3 7 .0 0 8 .0 0 3
11 .0 6 9 .0 1 6 .0 0 5
9 .0 5 3 .0 1 2 .0 0 4
11 .0 9 0 .0 2 3 .0 0 7
9 .0 6 6 .011 .0 0 4
Com parison 1
E ffect: In tensity  * Gender
D epend en t: kcal CHO/kg FFM/min - AC
Cell W eight
1 1 5 , Males 
1 1 5 , Fem ales
df









5 2 .8 3 2
.0001
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
1 9 1
Type III Sums of Squares
Source df Sum of Squares Mean Square F-Value P-Value
Gender 1 .001 .001 3 .443 .0783
Subject(Group) 20 .006 3.135E-4
intensity 3 .001 2.354E-4 7 .2 8 4 .0003
intensity * Gend... 3 1.225E-4 4.082E-5 1.263 .2951
Intensity * Subj... 60 .002 3 .23  IE-5
Dependent: kcal FAT/kg FFM/min - AC
Means T able
Effect: Intensity * Gender 
Dependent: kcal FAT/kg FFM/min - AC
70, Males 
70 , Females 
85 , Males 





Count Mean Std. Dev. Std. Error
12 .022 .007 .002
10 .027 .007 .002
12 .0 2 0 .007 .002
10 .0 2 6 .008 .003
12 .0 1 8 .008 .002
10 .024 .014 .004
12 .011 .010 .003
10 .022 .017 .005
Comparison 1
Effect: Intensity * Gender
Dependent: kcal FAT/kg FFM/min - AC
Comparison 2
Effect: Intensity * Gender
Dependent: kcal FAT/kg FFM/min AC
Cell Weight Cell Weight
70, Males 1.000 85 , Males 1.000
70 , Females -1 .0 0 0 85 , Females -1 .000
df 1 df 1
Sum of Squares 1.307E-4 Sum of Squares 2.135E-4
Mean Square 1.307E-4 Mean Square 2.135E-4
F-Value 4 .0 4 4 F-Value 6 .6 0 7
P-Vaiue .0488 P-Value .0 1 2 7
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1 9 2
T y p e  III Sums o f  Squares
Source , Mean Square F-Value P-Value
Gender 1 0 0 2 .0 0 2 7 .2 6 9 .0 1 4 3
Subject(Group) 19 .0 0 5 2.401  E-4
Intensity 3 3 .444E -4 1 .148E -4 7 .0 2 0 .0 0 0 4
Intensity * Gend... 3 3 .092E -4 1 .03  IE-4 8 .3 0 4 .0 0 0 9
Intensity * Subj... 57 .001 1.635E -5
Dependent: kcal FAT/kg FFM/min - AC
M eans Table
E ffect: In ten sity  * Gender 
D ependent: kcal FAT/kg FFM/min - AC
70 , Males 
70 , Fem ales 
8 5 , Males 
8 5 , Fem ales 
1 0 0 , Males 
1 0 0 , Females 
11 5, Males 
11 5, Fem ales
Count Mean Std. Dev. Std. Error
12 .0 2 2 .0 0 7 .0 0 2
9 .0 2 7 .0 0 7 .0 0 2
12 .0 2 0 .0 0 7 .0 0 2
9 .0 2 7 .0 0 8 .0 0 3
12 .0 1 8 .0 0 8 .0 0 2
9 .0 2 7 .0 1 0 .0 0 3
12 .011 .0 1 0 .0 0 3
9 .0 2 7 .0 1 0 .0 0 3
Com parison 1
Effect: In ten sity  * Gender
D epend en t: kcal FAT/kg FFM/min -  AC
Cell W eight
1 0 0 , Males 




Sum o f  Squares 4 .1 70E-4  
Mean Square 4 .1 70E-4  
F-Value 2 5 .5 0 0  
P-Value .0001
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1 9 3
T y p e  III Sums o f  Squares
Source , Mean Square F-Value P-Value
Gender 1 .001 .001 5.991 .0 2 4 9
Subject(Group) 18 .0 0 4 2 .380E -4
Intensity 3 3 .087E -4 1.029E -4 6 .1 8 4 .0011
Intensity * Gend... 3 2 .765E -4 9 .2 1 6E-5 5 .5 3 8 .0 0 2 2
Intensity * Subj... 54 .001 1 .664E -5
Dependent: kcal FAT/kg FFM/min - AC
M eans Table
E ffect: In ten sity  * Gender 
D epend en t: kcal FAT/kg FFM/min -  AC
70 , Males 
70 , Fem ales 
85 , Males 
85 , Fem ales 
1 0 0 , Males 
1 0 0 , Fem ales 
11 5 , Males 
1 1 5 , Fem ales
Count Mean Std. Dev. Std. Error
11 .0 2 3 .0 0 7 .0 0 2
9 .0 2 7 .0 0 7 .0 0 2
11 .0 2 0 .0 0 8 .0 0 2
9 .0 2 7 .0 0 8 .0 0 3
11 .0 1 8 .0 0 8 .0 0 3
9 .0 2 7 .0 1 0 .0 0 3
11 .0 1 2 0 0 9 .0 0 3
9 .0 2 7 .0 1 0 .0 0 3
Com parison 1
E ffect: In ten sity  * Gender
D epend en t: kcal FAT/kg FFM/min AC
1 1 5 , Males 





Sum o f  Squares .001  
Mean Square .001  
F-Value 6 1 .5 1 6  
P-Value .0001
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1 9 4
Type III Sums of Squares
Source df Sum of Squares Mean Square F-Value P-Value
Gender 1 .021 .021 7.458 .0129
Subject(Group) 20 .057 .003
Intensity 3 .077 .026 209.183 .0001
Intensity * Gend... 3 .002 .001 5.431 .0023
Intensity * Subj... 60 .007 1.220E-4
Dependent: kcal CHO/kg FFM/min - LC
Means Table
Effect: Intensity * Gender 









Count Mean Std. Dev. Std. Error
12 .082 .023 .007
10 .065 .016 .005
12 .114 .028 .008
10 .085 0 2 0 .006
12 .141 .038 O il
10 .106 .024 .008
12 .175 .037 O il
10 .132 .028 .009
Comparison 1
Effect: Intensity * Gender
Dependent: kcal CHO/kg FFM/min - LC
Comparison 2
Effect: Intensity * Gender
Dependent: kcal CHO/kg FFM/min LC
Cell Weight Cell Weight
70, Males 1.000 85, Males 1.000
70, Females -1 .000 85, Females -1 .000
df 1 df 1
Sum of Squares .002 Sum of Squares .005
Mean Square .002 Mean Square .005
F-Value 12.863 F-Value 37 .788
P-Value .0007 P-Value .0001
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Typ e  III Sums o f Squares
Source i Mean Square F-Value P-Value
Gender 1 .0 1 8 .0 1 8 6 .1 6 8 .0 2 2 5
Subject(Group) 19 .0 5 4 .0 0 3
Intensity 3 .071 .0 2 4 2 0 1 .0 4 9 .0001
Intensity * Gend... 3 .0 0 2 .001 4 .3 9 3 .0 0 7 5
Intensity * Subj... 57 .0 0 7 1.177E -4
Dependent: kcal CHO/kg FFM/min - LC
M eans Table
E ffect: In ten sity  * Gender 
D epend en t: kcal CHO/kg FFM/min -  LC
7 0 , Males 
7 0 , Fem ales 
8 5 , Males 
8 5 , Fem ales 
1 0 0 , Males 
1 0 0 , Fem ales 
1 1 5 , Males 
1 1 5 , Fem ales
Count Mean Std. Dev. Std. Error
11 .081 .0 2 4 .0 0 7
10 .0 6 5 .0 1 6 .0 0 5
11 .1 1 2 .0 2 9 .0 0 9
10 .0 8 5 .0 2 0 .0 0 6
11 .1 3 9 .0 3 9 .0 1 2
10 .1 0 6 .0 2 4 .0 0 8
11 .1 7 2 .0 3 6 .011
10 .1 3 2 .0 2 8 .0 0 9
Com parison 1
E ffect: In ten sity  * Gender
D ependent: kcal CHO/kg FFM/min -  LC
1 0 0 , Males 





Sum o f  Squares .0 0 6  
Mean Square .0 0 6  
F-Value 4 8 .9 8 5  
P-Value .0001
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1 9 6
T y p e  III Sums o f Squares
Source d f Sum o f Squares Mean Square F-Value P-Value
Gender 1 .0 1 7 .0 1 7 5 .5 5 7 .0 2 9 9
Subject(Group) 18 .0 5 4 .0 0 3
Intensity 3 .0 6 4 .021 2 0 6 .2 4 3 .0001
Intensity * Gend... 3 .001 3 .524E -4 3 .3 8 9 .0 2 4 4
Intensity * Subj... 54 .0 0 6 1 .040E -4
Dependent: kcal CHO/kg FFM/min - LC
M eans T able
E ffect: In ten sity  * Gender 
D epend en t: kcal CHO/kg FFM/min -  LC
7 0 , Males 
7 0 , Fem ales 
8 5 , Males 
8 5 , Fem ales 
1 0 0 , Males 
1 0 0 , Fem ales 
1 1 5 , Males 
1 1 5 , Fem ales
Count Mean Std. Dev. Std. Error
10 .0 8 3 .0 2 5 .0 0 8
10 .0 6 5 .0 1 6 .0 0 5
10 .1 1 3 .031 .0 1 0
10 .0 8 5 .0 2 0 .0 0 6
10 .1 3 9 .041 .0 1 3
10 .1 0 6 .0 2 4 .0 0 8
10 .1 6 9 .0 3 7 .0 1 2
10 .1 3 2 .0 2 8 .0 0 9
Com parison 1
E ffect: In ten sity  * Gender
D epend en t: kcal CHO/kg FFM/min - LC
1 1 5 , Males 





Sum o f  Squares .0 0 7  
Mean Square .0 0 7  
F-Value 6 4 .1 6 8  
P-Value .0001
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1 9 7
Type III Sums o f Squares
Source df Sum of Squares Mean Square F-Value P-Value
Gender 1 .005 .005 1.874 .1862
Subj ect( Group) 20 .049 .002
Intensity 3 2.880E-4 9.601 E-5 1 .507 .2 2 1 9
Intensity * Gend... 3 3.488E-4 1.163E-4 1.825 .1523
Intensity * Subj... 60 .004 6.372E-5
Dependent: kcal FAT/kg FFM/min - LC
Means Table
Effect: Intensity * Gender 
Dependent: kcal FAT/kg FFM/min - LC
70, Males 
70, Females 




11 5, Males 
115, Females
Count Mean Std. Dev. Std. Error
12 .051 .022 .0 0 6
10 .060 .018 .0 0 6
12 .049 .024 .007
10 .062 .021 .007
12 .046 .030 .009
10 .063 .024 .008
12 .041 .035 .010
10 .060 .025 .008
Comparison \
Effect: Intensity * Gender 
Dependent: kcal FAT/kg FFM/min - LC
Comparison 2
Effect: Intensity * Gender
D ^ en d en t: kcal FAT/kg FFM/min - LC
Cell Weight Cell Weight
7 0 , Males 1 .000 85 , Males 1 .000
7 0 , Females -1 .0 0 0 85 , Females -1 .0 0 0
df 1 df 1
Sum of Squares 4.082E-4 Sum of Squares .001
Mean Square 4.0B2E-4 Mean Square .001
F-Value 6 .4 0 6 F-Value 14 .759
P-Value .0 1 4 0 P-Value .0003
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1 9 8
T ype III Sum s o f  Squares
Source Mean Square F-Value P-Value
Gender 1 .0 0 2 .0 0 2 1.101 .3 0 7 2
Subject(Group) 19 .041 .0 0 2
Intensity 3 1.397E -4 4 .657E -5 .8 6 4 .4 6 4 9
Intensity * Gend... 3 1 .733E -4 5 .778E -5 1 .0 7 2 .3 6 8 0
Intensity * Subj... 57 .0 0 3 5 .387E -5
Dependent: kcal FAT/kg FFM/min - LC
M eans Table
E ffect: In ten sity  * Gender 
D ep en d en t: kcal FAT/kg FFM/min - LC
7 0 , Males 
7 0 , Fem ales 
8 5 , Males 
8 5 , Fem ales 
1 0 0 , Males 
1 0 0 , Fem ales 
115 ,  Males 
115 ,  Fem ales
Count Mean Std. Dev. Std. Error
11 .0 5 3 .021 .0 0 6
10 .0 6 0 .0 1 8 .0 0 6
11 .0 5 2 .0 2 3 .0 0 7
10 .0 6 2 .021 .0 0 7
11 .0 5 0 .0 2 7 .0 0 8
10 .0 6 3 .0 2 4 .0 0 8
11 .0 4 7 .031 .0 0 9
10 .0 6 0 .0 2 5 .0 0 8
Com parison 1
E ffect: In ten sity  * Gender
D ep en d en t: kcal FAT/kg FFM/min -  LC
1 0 0 , Males 





Sum o f  Squares .001  
Mean Square .001  
F-Value 1 4 .9 3 4  
P-Value .0 0 0 3
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T ype III Sum s o f  Squares
Source
Dependent: kcal FAT/kg FFM/min - LC
1 9 9
df Sum o f Squares Mean Square F-Value P-Value
Gender 1 .001 .001 .5 7 3 4 5 8 8
Subject(Group) 18 .0 3 7 .0 0 2
Intensity 3 3.201  E-5 1 .067E -5 .311 . 8 1 7 0
Intensity * Gend... 3 5 .246E -5 1 .749E -5 . 5 1 0 .6 7 6 8
Intensity * Subj... 54 .0 0 2 3 .426E -5
M eans Table
E ffect: In ten sity  * Gender 
D ependent: kcal FAT/kg FFM/min -  LC
7 0 , Males 
7 0 , Fem ales 
8 5 , Males 
8 5 , Fem ales 
1 0 0 , Males 
1 0 0 , Females 
115 ,  Males 
115,  Fem ales
Count Mean Std. Dev. Std. Error
10 .0 5 5 .021 .0 0 7
10 .0 6 0 . 0 1 8 .0 0 6
10 .0 5 4 .0 2 3 .0 0 7
10 .0 6 2 .021 .0 0 7
10 .0 5 3 .0 2 6 .0 0 8
10 .0 6 3 .0 2 4 .0 0 8
10 .0 5 2 .0 2 6 .0 0 8
10 .0 6 0 .0 2 5 .0 0 8
Com parison 1
E ffect: In ten sity  * Gender
D ependent: kcal FAT/kg FFM/min LC






Sum o f  Squares 3 .354E -4  
Mean Square 3 .354E -4  
F-Value 9 .7 8 9  
P-Value .0 0 2 8
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